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INTRODUCTION.

IN co-operation with the scheme adopted at the British colonial observatories,
a series of magnetic and meteorological observations were made at the Girard
College magnetic observatory, in Philadelphia, with instruments purchased under
the direction of the trustees of the college, the observations being made under the
patronage of the American Philosophical Society, and finally completed for the use
of the topographical bureau of the War Department.' These observations were
made under my immediate direction, and were afterwards left under my general
superintendence. The series commenced in May, 1840, and, with short inter-
ruptions, terminated in June, 1845, thus furnishing a five years’ series of magnetic
observations, taken bi-hourly up to October, 1843, and after that date hourly. The
readings of each magnetic element were united into mean values, arranged accord-
ing to hours of the day and days of the month and annual values, and presented
graphically, under my direction, by Joseph S. Ruth, Esq., who had taken part in
the observations, and who was at that time employed in the Coast Survey. As,
owing to other laborious duties, the record could not then be submitted to a com-
plete reduction and discussion, I have resumed the subject, with the aid of Charles
A. Schott, Esq., assistant in the Coast Survey, by whom, under my immediate
direction, the discussions contained in this paper have been made and prepared for
publication. It is proper to state that this work has been performed out of office
hours by Mr, Schott, as my assistant in this special matter, and at my own expense.

Although the magnetic observatories furnished by their judicious geographical
location, a basis for the generalization of their results, it is, nevertheless, desirable
to combine other results with them as confirmations, or as corrections. In the
investigation of the disturbance law at Point Barrow, as compared with the same
at Toronto, a very remarkable mutual relation was developed, and further exami-
nation may bring to light other dependencies of a mutual character.

According to the latest determination, the position of the Girard College observa-
tory is in latitude 39° 58 23" (north), and in longitude 75° 10" 05” = 5" 00™ 40°.3

1 See “ Observations at the magnetic and meteorological observatory at the Girard College, Philadel-
phia, made under the direction of A. D. Bache, LL.D., and with funds supplied by the members of the
American Philosophical Society and by the Topographical Bureau of the United States, 1840 to 1845.
Printed by order of the Senate of the United States, and under the direction of the Topographical
Bureau, second session of the twenty-minth Congress. Washington, D. C., 1847.” Three volumes
record and one volume plates.
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92 INTRODUCTION,

west of Greenwich.! Trom Philadelphia, Toronto bears 38° 45" west of north (true),
and is distant 4° 50" in arc, or about 334 statute miles.

It is proposced in the present paper to investigate the law of the eleven year
period, or as it is more frequently called, the decennial period, there being yet an
uncertainty as to its precise length. It is supposed to have some direct or indirect
councction with the solar spot period. which, according to late investigations by
Prof. I Wolf” 1s said to exhibit corresponding disturbances.

The discussion is a contribution towards the determination of the epoch of the
occurrence of a minimum (as to number and magnitude) in certain phases of the
magnetic variations and disturbances, corresponding to a minimum in the solar
spot period.  The method of reduction is substantially the same as that adopted
by General Sabine, and explained in his discussion of the Toronto and Hobarton®
observations.

* This longitude depends on that of Cambridge observatory, for which 4 44™ 30*.25 has been adopted.

£ Astronomizche Nuachrichten, No. 1091 (May, 1857).

= See three papers by General Sabine, on periodical laws diseoverable in the mean effects of the larger
magnetic disturbances.  Philosophical Transactions of the Royal Society, 1851, 1852, and 1856.



INVESTIGATION OF THE ELEVEN YEAR PERIOD

IN THE

CHANGE OF THE AMPLITUDE OF THE SOLAR-DIURNAL VARIATION OF THE MAGNETIC
DECLINATION, COMPRISING THE REGULAR AS WELL AS THE
DISTURBED DIURNAL VARIATION.

WHILE the magnitude of the deflection is the only criterion for the recognition
of a disturbance, the adoption of any limit of deviation from the normal value for
the same hour, month, and year, must necessarily remain in some measure arbitrary,
or, in_other words, there must always remain, after the separation of the disturb-
ances, a certain small amount of their effect in the remaining regular diurnal
progression. General Sabine has shown that the results are not sensibly affected
by a small variation in the line of separation of the disturbed from the undisturbed
readings.!

To effect the separation, I made use of Peirce’s criterion,” for the rejection of
doubtful observations, applying it, however, to observations following a law different
from the regular one.®* From an examination of 465 hourly observations, distributed
over different hours of the day and different months of the year, the following was
the limit of separation:—

94.3 from six months in 1840
8.1 “ “ 1843
6.0 “ “ 1845 ‘

The- mean or 7.8 divisions, equal to 8.6 of arc, has been adopted provisionally.
Accordingly, all numbers in the printed record of observations, differing 7.8 scale
divisions (or 10.3 divisions for June, and, up to July 18, 1840), from the mean
monthly value at each hour of observation, were marked in pencil. It was found
that the ratio of the disturbed observations to the total number was 1 : 9.6, or for

* Tn the first discussion of the Toronto observations for the years 1843, 1844, 1845, the limit of 37.6
was adopted, corresponding to one disturbance in every 13.6 observations; in the second discussion 5.0
was substituted as preferable. Phil. Trans., 1856, art. xv. ’

2 Gould’s Astronomical Journal, vol. iv., No. 83, 1855.

* A similar application was made in the discussion of Dr. E. K. Kane’s magnetic observations at Van

Rensselaer Harbor, North Greenland, by Mr. Schott. Smithsonian Contributions to Knowledge, vol. x.,
1858. '

’




4 AMPLITUDE OF THE SOLAR-DIURNAL VARIATION

the years 1843, 184401845, 1: 13.3 nearly (the years 1843 and 1845 being incom-
plete, and omissions only approximately allowed for). For comparison with the
Toronto observations we have the ratio 1: 9.4 for the series 1841 to 1848, inclu-
sive,  and 1 : 13.6 for the series 1843, 1844, 18457 both for the limit 3.6, which
was afterwards raised to 5.0.% It was thought desirable in comparing these results,
and especially as the Girard College observations do not extend either way to years
of maximum of disturbance, which would otherwise require the enlargement of
the limit, to preserve the limit as pointed out by the criterion; hence a deviation
from the normal of 8.0 scale divisions as a convenient number, 3.64 of arc, has
been adopted for the present discussion as constituting a disturbed observation.
Previous to July 1s, 1840, the declinometer had a different scale, one division being
207, making the corresponding limit for the first month and a half, 10.6 divisions.

Al observations therefore differing 8.0 seale divisions from the mean monthly
value of their respective hour were marked by a penecil line; a new hourly mean
was taken, omitting values so marked, and cach observation was again examined
with reference to its deviation from this new mean. The process was repeated,
when necessary, so that in all cases values differing 8.0 or more from the final
mean, were excluded.  The last mean thus obtained for cach observing hour and
cacli month has been called  the normal.”  The following tables of normals pre-
sent the mean monthly declinometer readings for each observing hour, free from
all disturbances, deviating either way 3.64 or more, from the normal position of
the magnet for the respective hour, month, and year. The observations having
been made at the even Gittingen hours, the local times are 192 minutes after the
even hour.' The time given in the tables is mean local time, counting from mid-
nizht, or 0" up to 24",

Increase in the scale readings, corresponds to a decrease of westerly declination.
The value of one division of scale is (V.453.

* Observations made at the Magnetical and Meteorological Ohgervatory at Toronto, in Canada, under
the superintendence of Colone! Edward Sabine, vol. i, 1843, 1844, 1845, with abstracts of observations
to 1852 inclusive.  Liondon, 1853,

2 Phil. Trans, R 8., 1851, art. v.

3 Observations made at the Magnetical and Meteorological Observatory at Toronto, in Canada, ander
the superintendence of Major-General Edward Sabine, vol. iii., 1846, 1847, 1848, with abstracts of
observations to 1855, inclausive.  London, 1857.

* The observations were made at the even Gottingen time, 6 00™, corresponding to 0 19im of
Philadelphia 1ime.
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TABLE I.—NoRMAILS oF THE DECLINOMETER READINGS FOR EACH OBSERVING HoUrR AND MoNTH,
IN THE YEAR 1840.
Observations taken 191 minutes after the hour indicated.

|

Philadelphiaé oh. 9h. : 4% gh. 10h. ! Noon. 14h. 16h. 18h. 20h. | 22h.

moean time. - 6h. i

Loa a 7oA b a1 a4 a 4 d. d. d. d. ¢ a.
Junel | 494.4  495.0 | 497.5 | 504.0 | 502.7 | 493.8 ' 485.5 | 483.4 | 487.9 | 492.8 | 492.5 | 493.6
July | 497.3  497.2 | 498.9 5047 © 505.5 | 495.4  484.5 | 484.0 | 488.7 | 493.3 | 495.5  496.3
August i 495.8 . 495.7 | 498.8 « 506.4 | 509.1 | 489.4 | 480.5 | 481.9 | 488.2 | 493.2 | 494.9 @ 496.1
September? | 492.5 ' 495.2 ! 496.9 | 503.2 : 502.5 ; 490.8 . 477.3 | 479.5 | 488.4 | 489.9 | 493.3 @ 492.6

October 14925 490.4 1 491.1 | 480.1 | 489.2 | 484.1 | 478.4 77.3 | 48L.9 | 486.3 | 485.9 . 493.1
November® | 481.1 = 480.G [ 482.9 | 483.7 : 486.4 | 481.7 | 474.2 | 472.5 | 4775 | 480.8 | 483.6 | 482.7
December | 477.9 ~ 475.2 . 479.8 , 479.5 | 480.5 | 480.6 | 470.7 | 471.6 472.7 | 478.5 { 479.0 481.2

Mean | 490,14 48¢

.90 492,27 495.80 | 496.56 | 48
Correction® © 4-5.21 10

.8
533" 4.68) 5.17 .81

&S
Ha
~3

=
-1
w
.
=3

.60 483.611 487. 83 489.24  490.80
65 4.46 4361 475, 5.2

U‘O
Cﬂ *I

Mean for’40 495.35 495.00° 497.60 500.48 501.73, 493.71 483.78| 483.25| 288.07! 492.19 493.99 496.05
Correction i i 3 i |
for index® 4-93.30 i 4‘ : i ! ]

Cor. mean ‘ ‘ : ] i |
for 1840. : 588.65 588.30 550.90 593‘78,i 595.03; 587.01 577.08) 576.55  5R1.37 585.49{ 587.29 . 589.35

TABLE TI.——NorMALS OF THE DECLINOMETER READINGS FOR 1841.
Value of 1 div. = 0/.453. Time 19} minutes later than indicated.

; i ! ‘ i | ! ' i |
P}:.]f:}(;]lfr?;a Oh. Zh 4h. { gh 8h. i 10h. | Noon. 14h. | 16k 18hb. ! 20h. i 929h.
. d d | d N Y S R a o4 oA a. 4.
January 579.3 © B77.0 | 578.6 @ 576.9 | 580.7 | BEl.9 | 570.0 | 568.8 | 570.3 | 5742 | 578.0 | 580.1
February : 575.0 - 573.2 | 575.6 [ BTT.8 | 582.1 | 479.5 | 569.5 | 56G.0 | 569.5 | 572.4 | 574.4 ; B75.8
March 577.1 ¢ 577.6 | 580.9 | 582.9 ! 586.8 : 578.9 | 569.4 . 567.7 : B7L.8 - 576.4 | 5T7.4 | BTT.Y
April 580.0 . 581.9 | 582.9  585.6 | 587.6 , 579.4 | 568.8 | 566.,1 . 5T7L.7 ; 576.9 . 578.0 ' 579.1
May - b79.1 ! 579.8 | 581.9 - 587.4 | 589.1 : 578.6 | 569.4 | 567.9 | 573.6 | 577.4 | 578.5 | 580.1
June ©B7LT | 572.2 | 5747 ¢ 5833 | 582.6 , 5TL.1 | 561.6 | 560.3 . 565.0 = 570.1 : 570.9 | 570.8
July 569.9 ' 5685 | 571.6 ; 578.4 | 681.2 | 571.8 | 558.9 . 557.3  562.3 | 567.2 , 568.8 @ 568.6
August i 568.4 ¢ B570.3 ¢ 5716 - 580.1 | 583.9 | 568.9 ; 558.3 | 556.9 | 564.0 @ 566.8 - 568.6 | 568.9
September | 565.1 ¢ 564.5 | 565.5 | 569.4 | 571.1 | 564.1 | 553.6 | 554.5 | 559.5 | 562.9 ! 563.8 | 564.0
October 566.8 . 566.3 | 565.5 | 567.6 | 569.4 ; 568.2 | 564.0 | 562.3 | 564.7 | 573.56 ; 568.6 ! 569.3
November | 557.2 @ 558.56 | 558.5 ; 557.6 | 561.7 | 557.1 | 551.8 | 549.9 | 553.4 | 554.9 | 558.0 | 5568.6
December | 560.1 | 559.3 | 560.5 [ 559.6 | 560.1 | 558.1 | 552.9 ! 551.7 : 555.8 i 559.6 | 563.3 | 561.6
Mean 1 570.81i 570.76 572.32% 575.55 578.03§ 571.47 562.35 560.78% 565.13‘i 569.36. 570.70; 571.22

* The readings from June 1st to July 18th, 15 hours, on the College building scale, were converted
into observatory scale readings by subtracting 144%.7 at division 628.8 of the old scale, and converting
the value of a division 07.345 of the old into the corresponding reading for the value of a division 0/.453
of the new seale. The mean readings, thus corrected, of the first 18 days of July were then properly
combined with the mean of the remaining days of the month.

 In the month of September, hour 8, the comparisons were made with the half month]y means, owing
to the rapid change of the readings. .

3 On the 23d of November the index of the declinometer bar shifted 19.5 scale divisions ; a correction
of +194.5 has, therefore, been added to observations after this date, and, likewise, to all the readings of
the following month.

* The corrections here given for referring the mean of the last seven months of the year to the mean
for the whole year, are derived from the normals of the following year 1841 by comparing the mean of
the same seven months with the annual mean of that year. Comparing the same months in the twe
years the character of the changes appears to be about the same.

5 A further correction for change in the zero of the scale required to refer the readings of 1840 to the
readings of subsequent years. Owing to a rearrangement of the instruments on January 7, 1841, the
scale readings changed 112.8 divisions, and since 19.5 scale divisions had been added to the December
readings, the resulting correction is the difference of the two, or +93.30.




6 AMPLITUDE OF THE SOLAR-DIURNAL VARIATION

I general during the yvear 1841 the readings arc more changeable than during
the following veurs.

The rearrangement of the instruments, and consequent shifting of the index of
the scale. alluded to in the preceding notes, interrupted the observations between
Junuary 1 and January 12,

The normal for October, 14", was obtained by comparing with the half monthly
means and taking the mean of the two results as in a similar case for the month
of September of the previous year.

TADLE ITL.—XorMarLs oF THE DECLINOMETER READINGS FOR 1842,

Value of 1 div. = 07453, Time 19} minutes later than indicated.
1:1:'114'-)?“;“ b DL 4b ab &l 100, Noon, 14h. 160 184 ¢ 20k,  23h
el L
d 4 [ d d. d d. d.
January 570.0 o664 BBG.T O 550.0 0 BG2.9 BO3.2 . D661 | BOT.E
Februery AGT7.8 0 A8L.D CHRLG T BAS0 561.9 ¢ 065.3  B65.5
March HITHN 571.% D604 853,89 556.4 560.3 H64.5 564.9
April 5456, 569.7  BUS.6 5040 L BH2S BB H60.6 B61.3 563.0
May 56,0 64,5 hunLO 50 B5T.T . b60.8 ¢ 5618 0 5623
June ¥ 5750 D 50 BhR3 Belly o B63.7 0 BG4
July huh.E : ho2.4 - H6d2 0 buT.1
Auzust ERERY 2.2 7 4l 5645
Seprteibel hi1.2 70 BEB.T DEL.6
Uctobes BIHNG 640 5643 505.0 . 565.3
Novewbher H60.0 HUELY 5045.3 64,0 565.5 565.0
December Hu2.1 ¢ Su2.T Hud.2 582.0  563.5 b563.8
Mean SU6.0T  BUY.44 571.04 56576 5535.50 55454 558.16 562.42 564.31 564.99

TADBLE IV.——NorMaLrs or THE DECLINOMETER READINGS FOR 1843.

Value of 1 div. = 07453, Time 19} minutes later than indicated.

e G [N pan 4u. Gl sh 10k Noon. 14u. Tk 1sb. 20h. | 929n,
d d d d d d d. d. d i d d
January e 554 .
February HER
March R | 5052
Aprit LR LR Ul S O S 566.2 0 bDT.E L OHL.T 626 D48 D685 HG8.T
Mayv 567.0 D686 8746 5655.7 556.0 ¢ . 562.2 0 5664 506.9 567.3
Jute KRG hukd 0741 573.9  Hed.s  BDG.E 561.1 564.0  565.6
Jalv 5640 Hux.2 ATL2 BTHG O Hu4.D ¢ BLD.1 559.5 563.8 - 565.6
Augnst! 5642 BET.D O BT35 0 BT2T O BH0LG o B5D.L 561.2 562.3 . 564.2
S¢~;§twh;b(*!" Sitd Aot Be0 BEL.T  Bui.8 0 HbdG | 547D IV 5358.8 560.0 © H58.7
Qetober HENNY 559.6  5HLLG 5621 H66,0 ¢ H60.8 . 553.6 5T H36.2 560.1 559.7
November 5063 1 356.6 0 S67.F 0 DAL B6LB 0 ByvG.2 . bH0M4  HALD 55B.E 857.5 . 557.3
Decomber  DH00 ¢ 5AT.4 5378 BGO.O B6L2  530.9  BALO  550.9 5o 539.6 © 550.9
Mean BOB.25 0 budon D44l DES.6T  D6U.TO HOL.4T  553.420 55419 H38.6T  HGL.50 . 5G2.52 563.00

Correction? 4006 —0.11 —0.41 —1.24 —0.30 $0.63° 40.44 -0.02 —0.23; 40,33 40.35

Cord mean  563.2¢ 502,92 50401 567.43 0589.49 56200 533.86. 55419 538.65 561.27 562.85 563.35

* The suspension threads of the declinometer gave way on the 9th of August, and again on the 10th
of January, 1844, but after readjusting the instruments, the magnet returned almost exaetly to its former
reading—a mean of the two changes gave as a correction + 18.7 divisions, which was accordingly added
to all the readings of the vear after Angust 9th, 21 hours.

2 The correction to refer the mean of the nine last months to the mean of all the months is derived
from the readings of the preceding year, as being more uniforin in characier than those for the year
following.
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The hourly readings commence on October 1, and are continued to the close of

the series.

To make the readings of the odd hours of the months of October, November,
and December comparable with those of the even hours during the whole year,
the means of the even hours for the months of October, November, and December
(1843) were compared with the corrected annual means respectively, which gave
the corrections for the even hours; and the corrections for intermediate odd hours

were obtained from those of the nearest even hours.

The deductions from the

series of observations at odd hours have but one-third of the weight of those
obtained from the even series.

NOVEMBER, AND DECEMBER, 1843.

TABLE 1IV. (b).—ADpDIiTIONAL NORMALS FOR THE ODD HOURS OF THE MoNTHS oF OCTOBER,

Value of 1 div. = 07.453. Time 19} minutes later than indicated.
. . | | i | |
IEI;SZ??!E,";“; 1. 3 | b { ™o on 1k 13h | 15k ‘ 17h.  19h. ‘ 21h. ‘ 23h.
T Y W ST VAR NN: WO AT RN SN: A N SN SN SR BN & 4 4 a4

October ' 560.2 | 559.1 . 560.6 | 565.1 | 565.0 | 556.5 | 532.6 : 554.2 | 557.0  559.7 | 561.1 | 560.7
November @ 556.7 | 556.6 v 557.4 | 561.8 . 560.1 | 552.6 | 550.0 | 552.6 | 5564.9 557.5 557.7 | 557.4
December © 558.1 : 558.2 | 558.8 | 560.8 © 561.9 © 536.7 . 551.4 g 553.1 | 557.5 558.9 | 560.0 | 559.5
Mean . 558.33, 557.97 558.93 ! 562,57, 562.33 555.27 551.33| 553.30 556.47 558.70’3 559.601 559.20
Correction  +-5.01' 45,37 +6.36] +6.84 44,92 4+2.37 +2.09) 43.20, 43.74 +3.74| 4+4.08] 4-4.70
Cor’d mean? 563.34. 563.34 565.291 569.41; 567.256 557.64 553.42% 5:’)6.50;1 560.21 562.44) 563.68 563.90

TABLE V.—NoORMALS OF THE DECLINOMETER READINGS FOR 1844.

Value of 1 div. = 0/.453. Time 19} minutes later than indicated.
. . ! ; i

Philadelphia . 1h 1 2h. | 3h 4h. 5h. gh. 1 7h. 8h. 9h. 10k : 11k

d. a o4 A d | d L ¥ d. d. d | 4
January 558.6 | 558.2 | 558.4 . 559.2 | 558.9 | B58.8 | 559.7 & 561.2 | 562.9 | 563.3 | 559.1 555.9
February 559.1 | 558.5 | 559.1 | 559.2 | 559.9 | 561.1 | 560.8 & 562.1 | 562.2 | 560.7 | 557.3 ' 554.5
March 558.0 | 559.0 | 559.2 & 557.9 | 559.8 | 560.2 | 561.3 | 563.6 | 564.8 | 564.1 | 560.3 @ 554.9
April 556.6 | 557.0 ; 557.2 . 556.9 | 557.5 | 558.4 | 561.7 | B58.5 | 564.4 | 561.8 | 557.1 | 552.0
May 548.4 | 548.7 @ b547.8 & 547.0 | 549.3 | 552.5 | 555.8 © B56.8 | 5551 | 552.3 | 546.7 | H42.2
June 548.7 | 549.0 | 549.3 . 549.1 | 551.6 | 553.9 | 557.6 ¢ 559.1 | 558.2 | 554.3 | 547.9 | 541.8
July 540.0 | 550.5 @ 548.4 | 549.4 | 551.0 | 554.3 | 556.9 @ 559.8 | 558.6 | 554.8 | 548.0 1 540.8
August 548.6 | 547.8 « 547.3 | 547.4 | 550.9 | 552.4 | 557.5 | 560.3 | 558.2 | 551.8 | 543.3 | 536.4
September | 543.3 | 543.1 | 544.1 | 546.0 | 546.5 | 547.1 | 550.0 | 552.9 | 552.4 | 545.8 | 538.3 | 532.5
October 545.1 | 545.3 | 544.2 | 546.1 | 545.8 | 544.4 | 548.6 , 550.9 | 551.5 | 548.7 | 545.3 | 540.8
November | 546.8 | 546.8 . 548.3 | 548.6 | 547.4 | 548.5 | 551.5 . 549.2 | 548.4 | 547.9 | 546.2 | 542.8
December | 536.1 | 535.8 | 535.4 | 535.9 | 536.8 | 537.3 | 537.2 | 536.8 | 537.9 | 539.3 | 536.1 | 532.9
Mean i 549.86 549.98i 549.89 550.23 551.28% 552.41i 554.88 . 555.93 556.22] 553.73 548.804“ 543.96
1’,};2:,;":};‘:‘-’* Noon. | 13h. | 14h. | 15h. | 16h | 17h. | 1gh | 19h. | 20h | 21h | 22h | 23h

d. a. a 4. 4 | a a 4 4 o | a a.
January 552.9 | 552.4 | 553.2 | 554.1 | 556.3 | 556.9 | 557.8 | 559.2 | 559.5 | 560.9 | 560.8 ; 559.6
February 551.1 | 551.1 | 553.0 | 554.7 | 556.4 ! 556.6 | 557.6 | 558.4 | 559.9 | 5569.4 | 560.1 | 559.0
March 550.6 | 549.4 | 549.6 | 551.7 | 553.0 | 555.2 | 556.6 | 558.0 | 558.4 | 558.2 | 558.6 | 559.7
April 547.4 | 545.7 | 546.2 | 547.6 | 549.6 | 553.4 | 553.4 | 553.8 | 556.2 | 5655.1 | 555.7 | 559.3
May 538.3 | 535.8 | 536.5 | 538.9 | 542.1 | 545.1 | 545.2 | 546.5 | 546.3 | 547.3 | b47.3 | 547.8
June 537.4 | 535.0 | 537.3 | 540.0 | 542.4 f 545.2 | 545.6 | 546.2 | 546,56 | 546.8 | 548.0 | 548.5
July 538.3 | 535.5 | 536.3 | 538.8 | 541.9 | 544.5 | 545.8 | 548.2 | 546.6 | 547.4 | 548.8 | 549.3
éugust 631.8 | 532.0 | 534.3 | 538.7 | 542.1 | 5443 | 546.0 | 546.5 | 546.7 | 546.6 | 547.8 | G47.7
Beptember | 529.3 | 530.0 | 534.1 | 538.3 | 539.4 : 541.9 | 542.4 | 541.9 | 543.0 | 544.6 | 543.7 | 543.3
Qctober 541.1 | 539.5 | 541.4 | 544.0 | 545.7 | 545.4 | 645.6 | 545.0 | 544.9 | 544.6 | 544.5 | 544.68
November | 542.8 | 541.7 | 544.5 | 546.1 | 545.6 | 547.9 | 548.8 | 548.2 | 548.3 | 540.6 | 548.0 | 548.0
December | 530.6 | 520.3 | 529.4 | 532.1 | 533.2 : 534.8 | 5356 | 537.0 | 536.8 | 537.4 | 537.8 537.1
Mean 540.97| 539.78| 541.32| 543.75  545.64 547.60 ,548.44| 548.91  549.43 549.83% 550.10| 550.33
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To the observations between January 1 and January 10 a correction of +18%7
was applied. as explained in the preceding note.

In the month of December the declination changed so rapidly as to require the
use of halt monthly means; the mean of the two results is inserted in the above table.

TADBLE VI.—Norvars oF THE DECLINOMETER READINGE FOR 1845,

Value of 1 div. = 0"453. Thne 19} minutes later than indicated.

Phitudeiphin
et e

oL 1 o bt du | b Gl Th,

danuary
February
Mirch
April
May
June

Meun

Correvtion

Cord mean

N 13k, 14 1ok 16 17k 18 165, 20k, o1h. 2oh. | 23h.

. d. d. . K

January 2 . 535.3 H3Y.0 32.4  H3L.0
February 4 7 535.6 5344 32.3 © h31.9
Mareh R N 533.0 . 533.8 ; 533.5 | 5340
April S I i) 528.1 5285 528.0  520.4
May S19.1 Ghw 7 520.7 - 530.3 - 530.5 | 530.3
June SHUN NPT ST I S AN ] 4 530.1 - B30.7 5303 | 531.4
Mean D2L.e0 52017 S21.0200 B23.62 0 520,87 531.30- 531.98  531.17 531.50
Correction'  —2.00  —125 100~ 1,800 1,62 —2.23 —2.36 —2.47 —2.44

Cor'd mean 310,01 D17.56 51922 521,82 525.23 527.68 520.08 . 529,03 529.07. 529.42° 528,70 520.06
i i

For the purpose of comparing the annual means of the normals, or the mean
march of the regular solar-diurnal variation for each year, the preceding results
have been expressed analytically by means of Bessel’s formula, and by the applica-
tion of the method of least squares.

In these formule the angle 0 is reckoned from midnight (Philadelphia), at the
rate of 15° for cach following hour, It was found unnecessary to carry the expres-
sions bevond the third term, the fourth being generally smaller than the probable
error of an hourly normal.  We obtain accordingly—

d. d. d. d.
586 73 4 6,214 sin (8- 36° 357) 1 4.588 sin (284 217° 337) 4 1.640 sin (3 6 - 68° 507)
569.87 - 4.888 sin (54 30 05) 4 4.380 sin (204 212 38 ) 4 1.581 sin (36450 14)
5 sin (8433 49) 4 4.211 sin (264 217 12) + 1.463 sin (384 64 42)
562,01 4 4.449 sin (54 36 00) 4 3.918 sin (26 218 05 ) + 1811 sin (36468 18)
54589 4= 4486 sin (9 -+ 34 35) -+ 3.872sin (264 222 23) 4- 1.802 sin (384 68 53)
528 sin (3435 33) 4 £.872sin (264 225 35 ) + 1.987 sin (364 61 20)

ForIs40 D)
¢ 1841 D
1842 D
O848 D
¢o1s4d D
“O1845

* Asindieated by the annual change in the readings, it was considered preferable to obtain the annual

mean by deducing the correction to the mean of the first six months, from the readings of the preceding
year and those of the vear 1842,
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Owing probably to the several accidental changes in the suspension of the bar,
and consequent uncertainty in the precise amount of scale correction, the mean
readings of each year, when compared with one another, exhibit differences not
actually due to inequalities occasioned by declination changes. This question,
however, does not directly bear upon the present investigation, which mainly
depends on differences of readings, and it is proper to remark that the observed
increase, giving the weight one-half to the mean of 1840 and of 1845, is under the
supposition of a uniform annual change between these years, equal to 4’.50. From
Mr. Schott’s investigation® of the secular change of the declination at Philadelphia,
supported by observations between the years 1701 and 1855, the annual increase
between the years 1840 and 1845 is 4.98, a result which accords tolerably well
with actual observations. According to his formula, the declination on the first of
January, 1843, the mean epoch of the present series was 3° 32" west, with a probable
error of + 10', which corresponds to the scale reading 560.31, deduced by taking
into account the weights of the annual means.

‘We now proceed to the investigation of the inequality in the diurnal variation,
changing the preceding formule for greater convenience into the following :—

For 1840 A=} 2815 sin (150 - 36°35’) 4 2/.078 sin (30°n4- 217° 33/) + 0743 sin (45° n+- 68° 50')
« 1841 a=-2.214 sin (15 n+ 30 05) 4 1.984 sin (30 n4-212 38) 4 0.716 sin (45 n-50 14)
« 1842 A==--2.240 sin (15 n+33 49 )+ 1.908 sin (30 n+217 12) 4 0.663 sin (45 n-- 64 42)
“ 1843 A== 2.015 sin (15 n+ 36 00) -+ L.775 sin (30 n4- 218 05) - 0.820 sin (45 n4-68 18)
« 1844 A== 2.032sin (15 n4-34 35) + 1.754 sin (30 n4-222 23) 4~ 0.816 sin (45 nf 68 53)
“« 1845 A==} 2.060 sin (15 n+ 35 33)+ 2.206 sin (30 n4-225 35) 4 0.900 sin (45 n 461 20)

‘Where a = the regular solar-diurnal variation.
n == the number of hours after midnight.

To show the agreement between these expressions and the corresponding observed
quantities, and to exhibit to the eye the character of the diurnal variation, the
results have been thrown into curves. The observed bi-hourly means are repre-
sented in Fig. 2 (p. 11) by dots, and in no instance do they differ from the com-
puted values by as much as 0°.8 or 0".3. As a specimen of the representation, I
add the results for the year 1845:—

Hour. Observed value. !Computed valoe. 0. ’( Hour. ! Observed value. | Computed valune. l c—0.
b, m. d. | 4. Y | @ d.
0 19} 528.56 528.99 -+.43 'l 12 19% i 519.01 510 23 +-.22
2 19% 528.44 1 528.48 -+-.04 }‘ 14 19% i 519.22 518.96 —.26
4 19 530.76 | 530.26 ~50 il 16 193 |  525.25 525.18 —.07
6 194 534.66 \ 535.11 4-.45 H 18 19% 529.08 529.15 +-.07
8 19} 536.39 535.97 —42 20 193 i 529.07 529.07 .00

10 193 527.77 f 528.18 4-.41 ; 22 193% ! 528.70 528.86 ! +4-.16

The average probable error of any single representation by the formula is +04..22 or 10/.10.

By means of the preceding formula the following values were computed: 1. The
time when the north end of the magnet reached its extreme eastern position, or, in
other words, the epoch of the castern elongation. 2. The corresponding maximum
scale reading, or, more properly, the corresponding minimum of western declination.
3. The time of the occurrence of the western elongation ; and 4. The corresponding

* Report on the progress of the U. 8. Coast Survey for 1855, Appendix, No. 48, and an Appendix
(p. 11) of the report for 1859.
2
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maximum reading of western declination. In the last two columns the difference
of the scale readings, or the amplitude of eastern and western elongation, is made
out in scale divisions, and also in minutes of arc.

'The inequality of this amplitude next requires our attention.

ipoch of e 3 orresponding N oof weste jorres ing s
For s ™ Gt et P Getetion T cente vead e Amplitude.

I ('R d. oo d. d. ’
1840 7T 26 A M. 595,67 1 34 P M 575.71 19.96 f 9.08
1841 749 BT77.96 1 49 560.21 i 17.75 . 8.06
1542 736 1 37 553.96 : 17.28 ‘ 7.83
1545 740 : 1 24 553.06 16.48 i 7.46
18544 782 536,50 1 18 539.99 : 16.51 7.51
1045 T 8% 536.60 1 16 517.81 18.84 . 8.53
Mean T 36 AJM. 1 30 P. M.

43 =4

The inequality constituting the ten or eleven vear period is plainly exhibited in
the last two columns of the above table, the progression in the numbers being quite
regular.  The vear 1843 is clearly indicated as the year of the minimum range of
the diurnal fluctuation, but whether the period is one nearer to ten or to eleven
vears cannot be decided from the Girard College observations, since they do not
embrace a vear of maximum amplitude. The epoch of the minimum, however,
can be determined with more precision. For this purpose only, the values in the
last column are represented by the formula,

4= 908 — 114 (r — 1840.5) + 0.201 (¢ — 1840.5)",
deduced by the method of least squares, and the quantities come out as follows :—

- "
- Observed Compuied by . [ . QObserved Computed by | -
Year wmpitiade tormula Difference. ! Year. amplitude. formula. Difference.

1840.5 91,08 G708 0.0 1843 71.46 747 —0n01

In41.5 &.06 814 —(.08 ;‘ 1544.5 7.51 ! 7.74 ‘ —0.23

Indld TR 7.60 4 0.23 I ir45.5 £.53 i 8.41 +-0.12

Probable error of any single amplitude, +0'.11.

That portion of the ten or eleven year period which results from the preceding
discussion of the differential observations of the magnetic declination, free from the
effect of the disturbances as far as the latter can be eliminated, is shown graphically
in Fig. 1.

|

- 80,
- 60
- 40 |
L - 20 ' -4

- XY.Y.9

N

Amplitude.

L1840, , 1341 1812 1343, 184 | 1845

Middle of each year.
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The month of May, in the year 1843, is indicated by the formula as the epoch

of the minimum amplitude.

REGULAR SoLAR-DITRNAL VARIATION OF THE DECLINATIGN.

-
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16 46 70 |-
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20 50
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Scale divisions, one div. = 0/.453
T 17 T
4
e
I T |

-2 4 | 6, 8- 10 MNony 14 )18 , 18 1 210,22 24 4 . g |
Philadelphia mean time.

We now proceed to the discussion of the disturbances as far as they bear on the
decennial inequality, taking in also some collateral results. )

The total number of observations for changes of declination recorded and dis-
cussed amounts to 24,566 ; of these, 2357 were separated as disturbances differing
eight scale divisions or more from their respective normals, leaving 22,209 observa-
tions, from which the preceding results were deduced. There is one disturbed
observation in every 10.4 observations.

The discussion of the disturbances divides itself into two parts, that of the
number and that of the amount of the larger deflections.
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Owing to partial incompleteness in the number of observing months in some
vears, it became necessary to fill out the number for the annual inequality from
the results of the complete years. Their number for each month in the complete
vears is given in the following table, the numbers for 1844 having first been divided
by two, in order to make the hourly observations comparable with the bi-hourly in
the years 1841 and 1842:—

Mot JENTY | 1842, 1544, Mean. Ratio.
January 33 ! 44 | 5 27 0.75
February . . . . 25 ! 26 ! H 19 i 53
March . . . . 24 i 24 § 24 25 | 0.70
April 25 ‘ 31 30 ! 32 | 0.89
May 33 : 14 : 17 21 | 0.58
June . . . 31 : 30 | 7 23 0.64
July . . . . 30 | 40 | 15 28 i 0.78
August . . . . 44 : 64 44 52 | 1.45
September . . . 57 G0 31 49 1.36
October . . . . 04 : 6 HE T8 2.17
November . . . &1 22 42 48 1.33
Deceniber e i) 5 26 29 0.82
Sun .. 5 j 446 E 308 431 12.00
Mean . . . . ! . 36 | 1.00

The last column contains the ratio of the mcan monthly value to the mean
annual value. By means of these ratios, and using the observed monthly values
in cach defective year, the numbers in the following table were filled up, all the
deduced values being indicated by brackets.  As in the preceding table, the values
refor or were made to refer to bi-hourly observations:—

TApLy sHOWING THE NUMBER 0F DISTURBANCES 1IN EAcH Moyt oF THE YEARS 1840 To 1845,

Mot NS ISty 142, N 144, 1845 | Mean, | Ratio.
January . . . (30 33 44 an 71 19 25 0.77
February . . . (21) 25 26 (12 5 i 13 17 0.52
March . ... (2% 24 24 (16) 24 1 14 21 0.68
Aprit . . L (36) 2o o3 Lo 39 29 29 0.91
May . .. L) 55 4 15 17 1 19 0.58
June . . . . & o3 30 o112 7 P12 17 0.53
July . . . . 44 30 40 | 20 15 an 28 0.86
August . . . . 40 44 64 : 80 ; 44 o3 51 1.59
Sept(*lnb(‘l‘ . . . Hi 57 : 6 b4 ! 31 (30) 44 1.36
October . . . 4 94 86 b1 0 33 1 (48) 68 2.12
November . . . 19 &1 : 22 ] & ; 42 P28 35 1.08
December . . . &3 55 bl : 4 ! 26 o(18) 32 1.00
Sum . . . . 244 534 P YT 230 © 308 ‘ 91 i 387 12.00
Corrected sum and mean : 483 ! | 275 | 264 ‘ 32 1.00

The ratios in the last column show the annual inequality in the distribution of
the disturbances. The principal maximum occurs in October,' the secondary in
April; the two minima, nearly of equal amount, occur in the months of February
and June. The progression of the numbers is regular.

* At Toronto this maximum occurred in September; the first minimum is likewise one month earlier
at this station than at Philadelphia.
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If we separate the numbers in accordance with westerly and easterly deflections
we obtain the following table, deduced as in the former case. It may be remarked
that on account of the separate ratios used for the interpolation of the western and
eastern deflections, their sum in any one month does not give the corresponding
number in the above table exactly, only the yearly sums having been preserved;
and the same is true in regard to the table, showing the amount of the disturbances.
Interpolated values as before are inclosed between brackets:—

1840, 1841, 1842, 1843. 1844, 1845, Sums. RATIOS.
MoxTH. ——
, .
. W E W i E. W.l E|w B wlE|w | E|w l E | W E
Janmary . . .36 (22 s3] 9@ (M 2| 310 9130 38 1.27 | 0.42
February . . . ((I7) (3| 9 16|17 | 9 (13) (9] 31 211, 2| 70 41} 0.70 | 0.46
March . . . . [(23)] () 1115 17| 7i15) (6) 10| 14| 9! 5| 85 52| 0.83 | 0.57
April . . . . @D)| ()10 151417 | 7114 25 [ 14,15 7| 98 73/ 0.95 | 0.80
May . . . .laD @18 15, 8 6 7! 8| 4113] 3 8! 57 54 055 0.60
June .. .3 siaslae 17 13 2110, 3| 4] 51 7| 45 55 0.44 | 0.61
July . . . .ltrler! siosl14i2 011! 9 6] 9 DAL 60 107 0.58 | 1.18
August .. .120[20018 |31 (551 9671325 |19 (20)(11) 205 103 2.00 | 1.14
September . . . |36 |20 14 4311149 621 | 18|13 [(11)(21) 96 167 0.93 | 1.86
October . . .| 6826346017169 61012330 (15).(30) 163 225! 1.58 | 2.50
November . . . |11| 8 414011 11! 5| 811626 (15 (14), 99 102 0.96 | 1.12
December . . .\ T7| 6 24|81 1| 4] 2| 2]12|14 (8)(10) 124 67 1.21 | 0.74
Sam . . . . |232 112 224 315 |217 229 113 | 90 |147 |161 | 53 | 38 |1232108312.00 {12.00
Corrected mean . L1352 131 1w b e w1163 11200 L0 ] ol (129 135 i s} e ‘
Total . . . .| 483 i 539 446 275 308 264 [ 2315 ]

The ratios show a general correspondence in the numbers of westerly and easterly
deflections; the westerly deflections seem to occur most frequently in August, while
the easterly predominate in October; the secondary maximum of either series is in
April. The minima remain nearly as before, one minimum of eastern deflection
occurring in January.

‘With respect to the whole number of westerly and easterly deflections, we
deduce the proportional sums from the following table :—

Year. ’ Ww. : E. Sam.
1840 . . .. 352 | 131 483 Weight
1841 . ce . 224 | 315 539
842 . L . ... 217 | 229 446
1843 . . . . . 163 | 112 275 Weight %
1844 ce 147 | 161 308
1845 .. 129 & 135 264 Weight }
Sum . 1232 1083 2315
Proportional sums by weight . l 937 i 912 l

On account of the incompleteness of the record in the years 1840, 1843, and
1845, the number of eastern and western disturbances relative to the total number
cannot be ascertained with accuracy. They are about equal in the record. At
‘Toronto the eastern predominate over the western in the proportion of 1.17 to 1
(for the years 1841 to 1848), and nearly to the same extent for each year, taken
separately.

The numbers in the column headed “sum” do not indicate the law of the eleven
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vear period as plainly and systematically as did the investigation of the diurnal
amplitude ; vet giving half weight, on account of the want of record, to the sums
for 1540 and 1845, the minimum number falls in the year 1843, More consistent
results would, no doubt, have been obtained if the year 1845 had been complete.

If we distribute the disturbances (1942 in number for the even hours) according
to their respective hours of occurrence, the following table results from observa-
tions between 1840 and 1845 :—

Ratios. ' RaTios.
Add 19 na, W L. Sumi. e e AQA 10 m, W, E. Sum.
W E. ‘ | w., | E
s it i 162 .82 1.20 Noon 93 57 1 150 113 ¢ 071
2 7 N 186% 1.1s 1.16 14u. TH 4% 1 133% 0.95 . 0.67%
4 ' &4 Py Jes 1.08 0.496 16 8 60 o148 1.07 | 0.78
6 i 1lo¥ 6 173 1.35% Q.%o 18 72 7T 143 0.87 | 0.90
S OTen i 161 1.26 .70 20 34% 0 133% 167 0.40% © 1.66%
30 107 71 o 1% 1.52 0.8 22 45 3 125 170 0.54 | 1.58

Maxima and minima values are distinguished by an asterisk.

The numbers in each vertical column show a regular progression ; and the number
of distwrbances, irrespective of their direction, have a minimum at 2 P. M. and a
maximum at 2 A, M. The principal contrast is between the hours of the day and
the hours of the night; in the former case the numbers being below, but in the
latter above the mean value. This is in close correspondence with the Toronto
results.  The most striking result of the above table is—that the westerly disturb-
ances have their minimum precisely at the hour (8 P. M.) when the easterly have
their maximum value ; and the exact coincidence of this result with that deduced
by General Sabine for Toronto is not less remarkable.  Yor the westerly disturb-
ances. the hours 6 A, M. (maximum) and 8 P. M. (minimum), and for the easterly
disturbances the hours 2 P AL (minimum) and 8 P. M. (maximum), are specially
contrasted, These results also agree with those found at Toronto; and the accord-
ance with that station even goes so fur as to cxhibit the secondary minimum of
rastern disturbances at 8 A, M. In connection with this subject it may be here
stated, that the same distinguished magnetist found a singular mutual relation to
subsist between the phenomena at Toronto and Point Barrow, on the shores of the
Arctic Sea—the laws of the easterly deflection at one station being found to cor-
respond for the same local hours, with those of the westerly deflections at the other
station, and wice versé. 'This contrast holds good for Philadelphia as well as for
Toronto.

We now pass to the consideration of the amount of deflections caused by the
disturbances, classifving the same according to years, months, and hours:—

* At Toronto the respective hours are 2 P. M. and 22 P. M.
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AGGREGATE VALUES OF THE DISTURBANCES, AND MEAN VALUES IN THE DIFFERENT Y EARS,
i { ! i
Tor | Ageresevener | SRSSNNSE | Nomber | ATSMS Yol Sumejnminutes Sumg st ornto
j d. d. ! i d. : ’ i '
1840 | 5140.0 (7 months) = 7155.5 ( 483 [ 148 | 6.70 |
1841 ! 7844.4 i 7844.4 539 ! 14.6 i 6.61 ; 6.34
1842 1 6019.1 ! 6019.1 \ 446 | 13.5 6.11 X 5.90
1843 | 2465.7 (9 months) ] 2932.2 275 ! 10.7 | 4.85 | 5.62
1844 { 4227.3 42213 | 308 Io187 | 6.21 g 6.49
1845 ¢t 1138.6 (6 months) 3521.4 | 264 | 13.3 i 6.02 ] 5.84

The table includes only the series of bi-hourly observations; the reduction of the
numbers from incomplete years to the correct sum for the whole year being effected
by means of ratios as in the discussion of the number of disturbances. For com-
parison the average value of a disturbance at Toronto is added. It must be
remarked, that the amount of deviation from the normal, constituting a disturb-
ance, was nearly but not quite the same at Toronto as at Philadelphia, so that the
ratios of the corresponding numbers in the last two columns should be compared.

The eleven year period is well marked in the aggregate value of the disturbances,
as well as in their average value in the different years; and the year 1843 is
decidedly indicated as the minimum. To find a more precise value for the epoch
of the minimum, the formula,

d = T7.09 — 0.930 (¢ — 1840.5) + 0.149 (¢+ — 1840.5)?,
has been constructed, which represents the observed values as follows :—

| i ’
v | et | Commet | g | v | e | Comms | b
1840.5 6.70 | 7.09 | 40.39 || 1843.5 |  4.85 5.64 | J0.79
1841.5 6.61 1 6.31 i —0.30 ) 1845 | 6.91 5.75 | —0.46
1842.5 6.11 | 5.3 | o8 il 1ma55 | 6.02 6.16 i 40.14

The first and last value have only half weight. According to the formula, the
minimum took place in August, 1843. (See Fig. 3.)

717 T 717 1T 1771

L 60 Fig. 3 i
- 120 . _
. AN /

6160
i T %

Average value of a disturbance.

p*
180 1840 15l40 1842 ]8]43 1644 1845
N SO S R S | A T O

(Middle of each year.)

As the resulting epoch from the differential vbservations with the declinometer
we find the month of June, 1843, by giving double weight to the result deduced
from the inequality of the diurnal amplitude,
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Separating into western and eastern disturbances we find—

West DErLeerions, East DEFLECTIONS,
Y _ e e e
Agoregite value 7 i Average value. . Aggregate value, n w Average value
’ d. b 4
10 352 : 20007 131 i‘ 7.20
i~d41 204 i 490%.9 315 | 7.07
I 217 3375.2 229 i 6.70
FE i 3 1190.6 m2 | 4.8
[EES SN . . 2006.7 . 147 | 2207.6 161 | 6.21
JEE I . . 1489.2 120 i 2032.3 135 ; 6.84

From which it appears that the easterly values preponderate over the westerly in
the ratio of 1.14 to 1. The ratio from the Toronto obscrvations between 1844 and
IN48 15 125 to 1.

The following table shows the aggregate amount of disturbances in each month
of the different years, or the annual inequality of the aggregate disturbances:—

Mot i= o ST R NS 1nis. 184 1 185 Meaw. E Ratio.
¢ d. .

January . (171.0) 29.2 R.9 0.72
Tehruary (131.4) 160.1 .8 0.54
March (165.6) 167.4 2.3 0.66
April . 2817 280.7 .6 0.94
Muy 204 1110 5.6 0.56
June 141.2 .2 0.42
July 168.5 1 (220.4) 2.1 0.87
August . 9526 (434.2) .3 1.61
September 445.6 1 (4841 £5.0 1.56
Oetober 648.1 i ((339.3) : 908.5 2.06
November 591.1 (887.4) | 462.3 1.06
Deeendher 366.2 (217.4) ¢ 438.7 1.00
Samo. . . . TIaLG Tad44 0 60191 2032.2 4227.3 3521.4 ¢ B5283.3 | 12.00

The last colummu of ratios of the aggregate value of the disturbances of each
month to the mean of all, corresponds very closely to the analogous ratios deduced
in a preceding table for the number of disturbances, giving the law in reference to
the number and amount of disturbances in a year as the same, or nearly so. The
maximum amount of disturbances occurs in October (at Toronto in September),
the minimum amount in June (the same at Toronto); the secondary maximum
occurs in April (as at Toronto), and the secondary minimum in February; but at
Toronto in January, from comparison with the years 1843, 1844, 1845.

The next tables give the aggregate monthly values in the six years, separated
into west and east deflections :—

" The differences of the disturbed readings from thelr respective normals during the month of June
cosdh part of July, 1510, were first converted from the old seale into eqnivalent new seale valnes.
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‘WesT DEFLECTIONS.

Month. 1 1860, ] 1841 1842, 1843 1844, 1845, Mean. |  Ratlo.

. d. d d. d. d. . a.
January . . .| (495.5) | 308.4 448 | (170.4) 23.8 161.6 267.4 1.21
February . . .| (238.0) | 147.2 217.1 (82.0) 28.0 69.9 130.4 0.59
March . . . . (288.7) 127.2 168.5 (99.5) 172.8 117.5 162.4 0.73
April . . . . (432.2) 97.9 216.9 98.9 370.1 171.0 229.5 1.04
May . e e (212.8) 229.5 84.4 109.7 43.5 8.3 114.7 0.52
June . . . . 30.9 170.4 194.2 21.7 12.6 65.9 82.6 0.37
July . . . . 186.7 51.1 140.5 153.3 28.9 (42.9) 100.6 0.46
Auvgust. . . . 275.9 228.4 721.3 809.7 304.5 (247.5) 431.2 1.95
September . . 495.3 257.8 116.7 65.2 249.3 (123.5) 217.9 0.99
October . . .| 1019.9 422.5 . 172.5 74.4 340.3 (185.5) 369.2 1.67
November . . . 178.4 586.9 159.6 39.1 267.1 (196.9) 238.0 1.09
December . . . 1210.5 308.2 9.4 17.7 178.8 (98.7) 303.9 1.38
Sum . . . .| 50648 | 20355 | 2645.9 | 1741.6 | 2019.7 | 1489.2 | 2647.8 | 12.00

EAsT DEFLECTIONS. .
Month. l 1840, 1811, 1842, l 1843, 1844, 1645. Mean. Ratio
4. a. d. d. d. d q,

January . . .| (27.9) 115.2 141.1 2.7 21.5 107.6 757 0.33
February . . . (55.7) 255.1 93.0 (38.5) L7 90.2 100.7 0.46
March . . . . (81.8) 200.7 95.9 (53.4) 257.2 49.9 123.2 0.56
April . . . .| (1167 196.8 | - 264.2 182.8 231.4 118.7 185.1 0.84
May . . . .| (66.2) | 213.3 100.0 97.1 162.0 102.7 123.6 0.56
June . . . . 52.2 185.1 158.9 112.2 37.8 75.3 1063.6 0.47
July . . . . 482.1 365.7 406.3 118.2 139.4 (177.5) 281.5 1.29
August . . . . 342.7 594.7 152.2 144.2 248.1 (194.8) 279.4 1.28
September . . 358.2 984.9 663.2 236.3 199.3 (358.3) 466.7 2.12
October . . . 299.2 953.7 1080.7 120.6 327.8 (453.0) 539.2 2.46
November. . .| 136.2 467.3 179.7 48.0 324.0 (187.6) 223.8 1.02
December . . .| 71.8 376.4 38.0 ! 16.6 187.4 (116.6) 134.4 0.61
Sum . . . . ‘ 2090.7 } 4908.9 3373.2 # 1190.6 2207.6 2032.2 2633.9 12.00

Maxima in September (mean of August and October) and April; minima in June and January as at Toronto.

The following table gives the aggregate values of the disturbances distributed
into the different hours of the day, as deduced from bi-hourly observations made in
1840 to 1845:—

AGGREGATE V. LEC- J V.
Bsomona | Assiose ez or s e | s pmsrs o Ramos
Hour, - -
(+19; m.) | i Both
w. ! E. Sum. w. . E. Sum. w. i E. combined.
d. i d. d. d. a. d.

Oh. 897.4 1438.5 2335.9 149.6 239.8 389.4 0.83 1.24 1.04
2 1259.7 1278.2 2537.9 209.9 213.0 422.9 1.18 1.10 1.13
4 1255.5 1075.5 2331.0 209.2 179.3 388.5 1.16 0.92 1.04
6 1581.7 773.6 2355.3 263.6 128.9 392.5 1.46 0.67 1.08
8 1512.4 769.9 2282.3 252.1 128.3 380.4 1.39 .67 1.02
10 1315.2 901.9 2217.1 219.2 150.3 369.5 . 1.22 0.77 0.99
Noon 1114.8 733.2 1848.0 185.8 122.2 308.0 1.03 0.63 0.83
14 1056.4 735.0 1791.4 176.1 122.5 298.6 0.98 0.63 0.80
16 1068.1 825.8 1893.9 178.0 137.6 315.6 0.99 0.72 0.85
18 902.1 965.2 1867.3 150.3 160.9 311.2 0.84 0.89 0.84
20 408.9 2175.4 2584.3 68.2 362.6 430.8 0.38 1.88 1.15
22 610.4 2180.3 2790.7 101.7 363.4 465.1 0.56 1.88 1.25
Sum 12982.6 | 13852.5 26835.1 2163.7 | 2308.8 4472.5 12.00 12.00 12.00
Mean } 180.3 | 192.4 372.7
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If we compare these ratios with the corresponding numbers in the preceding
tables, showing the bi-hourly distribution in regard to the number of disturbances,
we find, irrespective of the directions of the deflections, the 2 P. M. minimum
preserved ; the maximum occurs at 10 P. M. At Toronto, from a five years’ hourly
series, commencing with 1844, these hours are respectively 1 P. M, and 9 P. M.
At Philadelphia, as at Toronto, the ratios are nearly invariable from 10 A. M. to
G P. M., being then below unity; and again from 8 P, M. to 8 A. M., when they
are above unity.

The casterly maximum and the westerly minimum at 8 P. M. appear again as a
decided feature, and in general, the respective ratios exhibiting the diurnal dis-
tribution of the disturbances, both in an easterly and westerly direction, show
almost a perfect correspondence in regard to both number and amount.

The next table exhibits the excess of westerly disturbance over easterly (the
sign — Indicating a defect, or excess of ecasterly over westerly) in the aggregate
values of the five vear series, and in the last column, the mean effect of the same
at cach even hour, is given as obtained by dividing the aggregate differcntial value
of the preceding column by the actual number of days of observation during the

whole period.  The last column exhibits, therefore, the mean diurnal disturbance
variation. The number of days is very nearly 1500.

i DitrNAL VARIATION Cor il ! : DITRNAL VARIATION l 0 i
1‘3\’“"")20‘{ CAUSED BY THE LAKGER :‘::cﬁ?g‘?:;}_ . i Excess of  cyvirn BY TRE LARGER ; gl;?‘r:c%ririg‘a:;:k
Philadelphia w "::f‘\l’, ¥ ; Disrerpasces. ance—varia- - Philadelphia W(}f‘tf:}‘;}y DISTURBANCE:. | ance—varia-
HICHIL U lie ensteriv ‘tion at Toronto.  mrean time, ea:ter) . Ition at Toronto
U valnes Indi-" =45 e : 1843415
i i In seale * In wminutes {atevenlours). s, In seale . In minutes (atevenhours).
! divisions, of arc. . : " divisions. : of arc.
i d. ’ ‘ ! [ 4. d. i ’ | !
b Ta3m. 541,17 —0.34 —0.16 —0.36  Noonl1&im.! 4+ 381.6 4-0.25 . 4-0.11 I 40.00
21 — 1x.5 —0.01 —,0] —0.20 1 14 193 A4 3214 4-0.21 40.10 | 4 0.04
4 106} 1800 +0.12 40,05 —0.03 116 193 4 24230 4016 | +0.07 | 40.03
619l bS8l 054 40024 40.02 118 19}  — 631 —0.04 —0.02 | —0.16
s 10d + 7420 +0.50 022 —+4-0.10 L2019} —1766.5 ° —1.18 | —0.53 | —0.56
10 194 +415.3 (128 —+0.13 =+0.08 . 22 194 c—1569.9 —1.05 —0.47 | —0.75

The law governing the disturbances during a solar day is clearly shown, and
systematic in character. If we plot the disturbance curve on the same scale, or
actually superpose it on the curves of the regular diurnal variation, the difference
would hardly show to the eye. The diagram, showing the disturbance variation,
has, therefore, been plotted on a larger scale.  (See Fig. 4.)
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D1DRNAL DISTURBANCE VARIATION OF THE DECLINATION.
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. N . s T
et — - .
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= -0.6 . . 1., b
| N Philadelptia mear, tine _
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| IS T | [ | S I | S I S I D | | A I | l b1 4

The curve has but one maximum and one minimum ; its most prominent feature
is the easterly deflection at 8 o’clock (+19%™) P. M. (at Toronto it is at 9 P. M.).
At that hour the maximum deflection amounts to 32" of arc, and to 45” at Toronto.
The greatest westerly deflection occurs at 6" (+19%™) A. M., and amounts to but
14”; the Toronto hour is 8 A. M. with 6”, and from a five years’ series of observa-
tion, with 31” of deflection. The range of the disturbance variation equals 46"
The disturbance amplitude, as well as the regular variation amplitude, is greater
at Toronto than at Philadelphia, the occurrence of the maximum and minimum
disturbance deflection seeming to be about one hour earlier at the latter station.
From three in the morning till five in the afternoon the mean effect of the dis-
turbances is to deflect the north end of the magnet to the west, and during the
remaining hours (principally at night) to the east. The westerly and easterly dis-
turbance deflections during a day balance within ¢".02.

The annual inequality in the amplitude of the diurnal disturbance variation
might be satisfactorily shown by the proper combination of the results for consecu-
tive years, comparing each two-year series successively; but owing to the small
amount of the amplitude itself, and the incomplete or partly interrupted series of
observations in the years 1840, 1843, and 1845, it was thought best to restrict the
present discussion to the mean disturbance variation.

It is my intention to continue the discussion of the observations made at the
Girard College Observatory.

After the above was written,®? No. 1185 of the Astronomische Nachrichten came
to hand, containing Prof. R. Wolf’s interesting results on the close connection of
the variation in frequency of the solar spots, and the corresponding inequality in
the amplitude of the diurnal variation of the declination. He deduces for Munich
the formula 8 = 6.273 + 0.051 a in which a is a relative number expressive of

* At Toronto 517/, and from a five years’ series 83"/,
* For former communications by Prof. R. Wolf, see Nos. 839, 1043, 1091, 1132, 1160, and 1181, bd.
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the frequency of the solar spots directly derived from observation and 3 the ampli-
tude of the diurnal variation. e finds a very close correspondence between the
computed and observed values of 3, and gives in a table Dr. Lamont’s and his own
results between the years 1835 and 1850. He also reaffirms his former value for
the average length of the solar spot period., viz., 11.11 years + 0.04 years, the
limits of variation being 8 and 16 years. This period is deduced from observations
of maxima and minima since 1626.
2

For Philadelphia we have 3 = 7.080 + (n.039 « representing the observed

A
i

amplitudes as follows :—

\ s . i i .
Hrom olar £ g Ohxorved Ditforence ! com solar . ¢ Observed | Difference
Year il‘“:[\,‘ﬂ},’h;),.ir cl‘d( T ‘l“l awplitade, or - oba"d and Year. | ilt)f,l;;lm,i\:\]ﬁ} | B derived ypyplitude, o obs'd and
vativns. rom e E. comp'dg. | D vations, o omeE 8. comp’d g
1840 Sl w0 9108 —002 G 1843 1 sd o410 746 40005
1841 24,5 8.23 | .06 —0.17 4 1844 12.2 7.00 7.51 i —0.04
1842 19.2 TS0 88 0.00 1845 1 324 8.34 8.53 | +40.19

The correspondence between the observed diurnal amplitude and the same
derived from observations of the solar spots is further exhibited by Fig. 5, the
heavy line representing the magnetic, the other the solar amplitude curve. The
dotted curve is from the Torvonto magnetic observations, merely multiplied by £ to
reduce (approximately) to the Philadelphia scale.  The next maximum amplitude,
according to the solar spot observations, would be in 1848, amounting to 11.00;
and the whole range of the inequality in the amplitude of the diurnal motion
would, therefore, be 1100 — 746 = 3.54. The last quantity, it must be observed,
is slightly variable with cach period; thus, according to the solar spot observations,
the vear 1837 was a maximum, amplitude 1141 ; and the year 1856 a minimum,

~y

amplitude 7.24, the difference being 4.17.

[P [ I T T T T h]
1i- | i -
N ! g .
3o i 5 7
Ny i 5 =
R . | R _
<o i :
§ N 3
8L T i i
N I g
t\ i —
N | S
| 1810 1841, 1842 1813 1844, 1815 1816 1847, 1848 18140, 1850 1851

Tt is much to be desired that this interesting branch of physical inquiry should
be further studied, as it forms one of the links connecting terrestrial with cosmical
phenomena.
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INVESTIGATION

OF THE

SOLAR-DIURNAL VARIATION OF THE MAGNETIC DECLINATION,
AND ITS ANNUAL INEQUALITY.

- Having discussed, in Part I, the eleven-year period in the amplitude of the
solar-diurnal variation, as well as in the disturbances of the magnetic declination,
I now proceed to the analysis of the annual inequality of the solar-diurnal
variation. ’

To obviate the difficulty which would occur in cases of months of unusual dis-
turbance, if the crude observations were used, the normals or means freed from the
disturbances have been employed in the discussion. This mode of proceeding not
only obviates the necessity for rejecting the observations of particular months, but
brings out the most consistent results which the observations can furnish, for both
diurnal and annual variation. It is the course adopted by General Sabine in the
third volume of his discussion of the Toronto observations.'

Returning, then, to the hourly normals, they are rearranged in: the tables which
follow, according to the different months of the year. The normals for 1840 are
corrected for the index error by the addition of 93.8 scale divisions. All correc-
tions for referring the partial monthly readings to the annual mean are, of course,
omitted.

1 Table LXVI, of this volume, exhibits the solar-diurnal variation of the declination after the sepa-
ration and omission of the larger disturbances; whereas Table V1I, of the preceding volume, similar
in form, differs from the latter, being derived from all the observations including the disturbances.

-
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HotvrLy DECLINATION. NORMALS FOR J ANUARY.?
Observations 18 minutes later than indicated. Value of one scale division = 0’.453.
Increase of scale readings corresponds to a decrease of westerly declination.

i : i |
YEaK. ¢ Oh ih. | 2 3h. | 4h 5h. 1 gh. ! 7h. gh. i gh | 10h | 11k
a. @ a a | a a. J a d. & | 4 d. d
1840 .. D BV T R .
181 0 670.3 e LBTTO w. 1 578.6 | 576.9 e | B80T 581.9
1842 5643 e | D63.8 %555.3 | 565.9 . 570.9 | 566.4
1843 [ - . e L ST R . TR RN
1644 ' 53S.6 | 558.2 | 55B.4 | 559.2 | 558.9 | 558.8 1559.7 | 561.2 | 562.9 563.3 |559.1 |555.9
1545 530.9 15313 5311 | 5315 | 533.0 15316 | 532.9 | 535.2 | 535.8 :533.8 |530.2 |5267
Mean?  558.28 | ...  BBT.HT 558.95 0 . 1558851 .. 1562571 .. |559.40
Bame refer'd | | j & 4
to its mean »565.25 564.80 | 564.35 | 565.62  565.70 | 564.66 565.47 | 567.74 | 569.27 ' 569.51 | 566.65 | 561.88
epoch? i | : ‘i | | 1 ‘
: : : I ‘ i

YEAR.  Noom. ' 13h | 14h. ~ 15h | 16h | 17h | 18h | 19h | 20n | 21h | 22h. | 93n
R S A Y d a a a | a a. a d.

1840 R N

1841 15688 | .. |570.3 v |574.2 w | B78.0 . | 5801

142 [556.0 | .. 5629 v | 563.2 — | 5661 w5678

1843 | 555.4 |

1n44 552.4 | 553.2 554.1 | 556.3 |556.9 |557.8 |559.2 |559.5 560.9 |560.8 |559.6

1545 525.2 © 526.2  528.0 © 530.1 1531.8 |532.7 |532.8 |533.3 |533.0 |532.4 |532.0

Mean? 550.95 .. 1551.92 554.90 556.97 .. | 559.22 560.27

Name refer'd | l ; |
to its mean 557.72 1 557.55 558.97 | 561.20 | 562.41 | 563.88 | 564.82 | 565.90 | 5G7.00 | 567.20 | 566.35
epoch’ 1 ’ I 1

| i

! The hours refer to mean local time, reckoned from midnight to 24 hours.

? The mean given is the simple mean of the four readings, and at 14" of five readings, and is here inserted for
comparison with the corrected mean in the line below, which would have been obtained if there had been no omis-
sions in the observations.

3 To obtain the normals referring to January of the mean year, the readings for the defective years 1840 and 1843
have been interpolated in the following manuer: 1. For the even hours.—The normals for any two consecutive years
differ simply-by the annual effect of the secular change, which may be regarded as uniform when the same hours
and months are compared, as in the present case. The values derived from the comparison of the several months
of any two years differ, however, by the accidental errors of the observations; thus, taking the difference of the
normals for 1540 and 1841, we obtain for the several months the values—

June . . o 41547 September . . 42149 December . . 2000
July . . . 20.5 October . . . 12.7
August . . . 18.5 | November . . 17.5 Mean . 16.86

Which mean corresponds exactly to the difference of the constant terms in Part I, for 1840 and 1841. By adding,
therefore, 16.9 scale divisions to the normals for 1841, we obtain interpolated values for 1840. The values from
January to May, 1840, were thus supplied. The normals for 1843 were supplied in a different manner, by making
use of the readings at 2 P. M., which were taken for the purpose of keeping up the continuity of the series. Sub-
tracting 0.6 scale division from the hourly readings of 1842, we obtain those for 1843—this being the difference at
14 ; in like manner, adding 2.2 scale divisions to the readings of 1844, we obtain a second value for the normals
of 1843. The mean of these two independent determinations has been used in supplying the readings for 1843.
The normals for 1840 and 1843, being thus supplied, the figures in the last line of the preceding table are obtained
by simply taking the mean of the six readings at each even hour. 2. For the odd hours.—The difference in the
mean readings for any given odd hour, in 1844 and 1845, from the two adjacent even hours, was applied to the
normals of these hours, and the mean taken as the normal of the intermediate odd hour. Thus, the mean
reading at noon of 1844 and 1845 is 538.55, at 13", 538.80, difference +-0.25 ; which, added to the noon normal
537.72, gives 557.97; and, in like manner, by comparison with 14%, the correction to its normal is —0.90, and the
normal for 13" becomes 556.65. The mean of the two results, 557.31, is the resulting normal for this hour as given
in the table.

The same principle of interpolation was applied throughout the tables. Due attention must be paid, in the
deductions, for the unequal weight of the normals for the even and odd hours; these weights being generally as
5 : 2, or proportional to the number of separate readings. The application of a nearly constant quantity to refer
means from a defective number of years to the mean epoch of all the years, is not of much consequence in regard
to the diurnal and annnal inequalities, which depend mainly on differences of readings, but it is essential that no
changes should have occurred in the zero of the scale during any interval uunder discussion.
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Hovurry DecrinaTioN. NorMmALS FOR FEBRUARY.
Observations 194 minutes later than indicated. One division of scale = 0/.453.

TEAR. oh. 1ih. 9h. 3h. 4h. h. 6h. 7h. g8h. gh. 10h. | 11h.
d. 4. d d. d. d. a, d. d. d. d. d.

1841 576.0 573.2 575.6 . 577.8 582.1 579.5

1842 564.5 564.3 663.8 565.2 567.8 566.5

1843

1844 | 550.1 |558.5 |550.1 |550.2 |550.9 |561.1 |560.8 |5621 |562.2 |5 0.7 |557.3 |654.5
1845 |531.6 |531.1 |531.0 |532.4 |532.3 |533.1 |534.7 |535.9 |536.7 |535.4 |533.0 | 528.6

Mean 557.55 §556.90 557.90 559.62 561.95 558.82

Same refer’d
to its mean j563.88 563.10 | 563.13 | 563.90 | 564.23 | 565.25 | 565.93 | 567.88 | 568.53 | 667.97 | 565.42 | 561.47
epoch

YEAR. Noon. | 13h. 14h. 15h. 16h. 17h. 18h. 19h. 20n. 2ih. | 22h. | 23h

a. d. d. d. d. d. d. d. d. d. d. d.
1841 569.5 566.0 569.5 572.4 574.4 575.8
1842 558.2 559.9 558.0 561.9 565.3 565.5
1843 555.9

1844 {5511 [551.1 |553.0 | 5547 |556.4 |556.6 |557.6 | 558.4 |559.9 |559.4 |560.1 |559.0
1845 | 5244 |523.0 |525.3 |527.5 |529.7 |530.4 |532.4 |531.3 |533.6 |534.4 |532.3 |531.9

Mean 550.80 552.02 553.40 556.07 558.30 558.42

fSame refer’d
to its mean jv557.33 555.85 | 557.17 | 558.30 | 559.43 | 560.25 | 562.13 | 562.25 | 564.42 | 565.02 | 564.77 | $64.00
epoch

HourrLy DEcLINATION. NORMALS FoB MAgrcH.
Obgervations 194 minutes later than indicated. One division of scale = 0/.453.

] .

YEAR. Oh. 1h. 9h, 3h. 4h. 5h. 6h. 7h. gh. gh. 10h. | 11h.
d. d. d. d. 4. d. d. d. d. a. d. d.

1841 577.1 ore 577.6 580.9 582.9 586.8 578.9

1842 564.8 564.1 565.4 v 566.1 571.8 585.9

1843

1844 | 558.0 |559.0 |559.2 |557.9 |550.8 |560.2 |561.3 |663.6 | 5648 | 5641 |560.3 | 554.9
1845 | 5329 | 5327 |533.7 |533.6 |535.0 |533.9 |536.0 |538.8 |539.4 | 538.6 | 56345 |529.4

Mean 558.20 558.66 560.27 561.58 N 565.70 559.90

[Same refer’d )
to its mean| +565.60] 565.72 | 566.03 | 565.75 | 567.82 | 567.563 | 569.20 | 572.11 | 573.37 | 571.95 | 567.32 | 562.02
epoch

YEAR. Noon. | 13h. 14h. 15h. 16h. 17h. | 18h 19h. 20h. 21h. | 22h. | 23h

d. 4 | a d. d. 4 qa. d a d. d 4.
1840

1841 |569.4 | .. |set7 | .. |svis | .. |sved4 | .. |stia | . sy .
1842  |555.6 | .. 15589 | .. |556.4 | .. |560.3 | .. |B645 | .. |5649 | .
1843 557.2 | ..

1844 | 550.6 |5494 |549'6 |551.7 |553.0 |555.2 |656.6 |558.0 |558.4 |558.2 |558.6 |550.7
1845 (5248 |5225 |522.8 |524.8 |527.8 |529.7 |531.6 |633.0 |533.0 |533.8 |533.5 |b534.0

Mean 560.10 e 550.24 —as 562.2b .- 556.22 - 558.32 558.67

{Same refer'd
to its mean }557.52 555,75 | 556.97 | 557.75 | 559.63 | 561.85 | 568.68 | 565.31 | 565.75 | 566.04 | 566.08 | 566.94
epoch




4

AMPLITUDE OF

THE SOLAR-DITRNAL VARIATION

Observations 194 minutes later than indicated. One division of scale == 0/.453.

Hourry DECLINATION. NORMALS FOR APRIL.

: | |
YEAR. oh. | 1n oh. | 3h 4n. | 5h. f I l gh. ! 9h. 10h. | 11h.
oo e o a | a4 | a o | a | d a. a.
840 1 e e L P N {
Indl580.0 | .. 58LO | L. 582.9 | . ? 585.6 1587.6 | .. |579.4
182 05633 | .. 5654 | .. 18661 | .. [ 5085 | 569.7 ‘ . | 563.6
184805697 | .. 5T0.0 L. BTLO | .. | 5747 1576.2 | .. |566.2 | ..
1x44 0 556.6  B5T.0 L 557.2 | 5BG.9 | BET.5 I558.4 5617 |558.5 |5644 5618 |557.1 |552.0
1845 1 520.1 | 528.8 - 529.0  520.2 | 520.8 ! 5317 5340 |535.6 |537.5 1535.4 |528.5 | 5225
Mean | 559.74 56070 "561.46 ¢ | 564.90 | 567.08 | 658.96
=ame refer’d ! i | ; !
toits mean p565.93 566.42 567.05 , 567.12 567.85  568.31 571.17 5¢9.90 373.32 570.98 | 565.18  559.76
epoch j ; ‘ ; ; | |
B B ‘ | : | : i |
vEAR. © Noom. ' 13h. | 14 | 15h. | 1gh. | 17h. | 18k | 19n. | 20k | 21k | 22h. | 23b
¢ o ¢ 4 A4 a4 | a @ | a ! | e
IS0 e e e T VN (T E
IedlBE8S L B66L .. (BTLT | .. BT69 .. (BTE0 L L 579 | L
1842 B54.0 1 BB25 .. (BB [ L. [B60.6 .. 1BEL3 L. 15630 | L
1943 (5578 .. GBBAT | .. 5626 | .. (6648 | .. 5685 | .. [BBRT | ..
1544 5474 5407 546.2 1547.6 1 549.6 | 553.4 | 553.4 | 553.8 |556.2 | 5551 | 555.7 | 559.3
143 517.8 ' 513.9 514.0 [ 517.2 | 521.5 | 525.8 | 527.8 |D27.9 |528.1 |5285 | 528.0 |529.4
Mean  549.16 546.90 552,10 | [ 556.70 558.42 | | 558.90 |
| ‘; | ‘ | ‘ ? |
Same refer’d g ! ? ! ! ! 5 | {
toits mean 355.25 552.54 552.92 555.13 | 558.18  562.05 5G2.88 563.16 | 564.50 | 564.59  565.08  567.50
epoch u‘ | | | | % | i | |
oo ' ! e ; i
HourLy DECLINATION. NORMALS FOR May.
Observations 193 minutes later than indicated. One division of scale = 07.453.
| ! ! j |
YEAR. oh. ih | 2n. 3h | 4h | 5h. | gh. | Th gh. 9h, 10n. | 11h
I | ‘ :
d. a“ 1 oa ¢ | a0 a y a | e a. d. a. a.
18400 .. O O P T R
1841 HTW1 L [579.8 .. | B8LO | ... 587.4 | 589.1 . [578.6
1842 563.3 | .. 15643 - .. |566.0 @ .. 5712 | 569.5 v ] 560.0
1843 HUT.00 0 . [ B6T.3 | w5696 | .. BT4E | ... | B75.6 o |565.7 | ..
1844 548.4 5487 | 547.8  547.0 | 549.3 [552.5 555.8 (5568 | 5351 |552.3 |546.7 |542.2
1845 529.9 | 531.8 §529.7 53L7 {533.2  536.3 |539.3 \541.9 540.7 | 536.0 | 528.0 | 522.6
Mean | 507.54 557.78 . 560.00 ; | 565.66 ‘ 566.00 555.80
Same refer’d ] ‘ i ?
to its mean >063 % 565.16 | 564.27 564.72 | 566. 47 569, 28 512 10 | 574.01 | 572.67 | 569.07 | 562.42 | 557.72
epoch - ! [ i g |
. ‘ i ,
! i |
vear. | Noom. | 13h | 14 | 15b. | 16h. | 17h. | 1sh | 19n | 20m | 21h | 22n | 23n.
; |
| d. { d. a. d. d. a. | d. d. d. d. d. d.
1841 [ 569.4 | 15679 | . |573.6 L 577.4 578.5 580.1 | ..
1842 | 552.6 | 552.3 . | 55T 560.8 561.8 562.3 | ..
1843 [ 556.0 | ... |556.2 . 150622 .. 1566.4 . | 566.9 . 15673 1 ..
1844 | 538.3 | 535.8 |536.5 |538.9 |542.1 |545.1 |545.2 | 546.5 | 546.3 | 547.3 | 547.3 | 547.8
1845 5171 | 516.8 | 5189 |522.1 |526.7 |529.3 | 529.6 | 530.4 |529.7 |530.3 |530.5 |530.3
| I | I
Mean | 546.68 | [ 546.36 552.46 555.88 556.64 | 557.50
Same refer’d: | i ] v
to its mean‘j553 .28, 551.62 ; 552.77 | 555.23 | 558.80 | 561.94 | 562.28 | 563.44 | 563.10 | 563.94 | 564.09 | 564.04
epoch i




OF THE MAGNETIC DECLINATION. 5

Hourry DECLINATION. NORMALS FOR J UNE.
Observations 194 minutes later than indicated. One division of scale == 07.453.

YEAR. Oh. 1h. oh. 3h. 4h. 5h. 6h. 7, gh. | on 10b. | 11h.
d. d. d d. d. d. a, d. d. d. d. d.

1840 587.7 588.3 590.8 597.3 £§96.0 587.1

1841 571.7 672.2 574.7 583.3 aee 582.6 571.1 s

1842 564.6 563.7 567.2 573.7 | .. 573.0 565.2

1843 566.0 565.6 568.4 574.1 573.9 564.8

1844 | 548.7 |549.0 |549.3 |549.1 |B551.6 |553.9 |557.6 |559.1 |558.2 |554.3 |547.9 |541.8
1845 | 5315 |5317 |531.6 |532.0 |534.8 |537.9 |541.9 |543.5 |542.5 |538.6 |532.2 |524.9

Mean 561.70 561.78 564.58 571.32 571.03 561.38
JPame refer’d )
to its mean .. | 561,81 561.91 567.38 572.42 567.46 555.22
epoch j

YEAR. Noon. | 13h 14h. 15h. 16h. 17h. 18h, 19h. 20h. 21h. 22h. 1 23h,

4. d. d. d. d, d. d. d. d. d. d, d.
1840 578.8 576.7 581.2 586.1 585.8 586.9
1841 561.6 560.3 565.0 570.1 570.9 570.8 . -
1842 555.1 552.5 558.3 561.8 563.7 564.1
1843 556.4 556.0 561.1 564.3 564.0 565.6

1844 |537.4 |535.0 |537.3 |540.0 |542.4 |545.2 |545.6 |546.2 | 546.5 |546.8 |548.0 | 548.5
1845 | 5213 |519.6 |520.0 | 5221 |525.4 |528.9 |530.3 |530.7 |530.1 |530.7 |530.3 |53L.4

Mean S61.77 550.47 ... = | 555.57 559.70 560.17 560.95

Same refer’d
to its mean
epoch j

549.42 552.80 558.76 560.26 560.58 .. |b561.85

Hovrry DecLiNaTION. NORMALS FOR JULY.
Observations 194 minutes later than indicated. One division of scale == 0/.453.

YEAR. Oh. 1h. 2h. 3h. 4h, 5h. ¢h. 7h. gh. 9h, 10h. 11h.
d. d. d. d. d. a. d. a. d. d. d. d.
1840 590.6 590.5 592.2 o 598.0 598.8 588.7
1841 569.9 568.5 571.6 578.4 581.2 e 571.8
1842 566.0 566.0 e 568.4 e 576.6 o 576.4 o 565.8 o
1843 566.9 565.9 568.2 574.2 574.6 564.5
1844 549.0 | 550.5 {548.4 |549.4 |551.0 |554.3 | 556.9 | 550.8 |558.6 |534.8 |548.0 | 540.8
1845 .- RO B -
Mean 568.48 $67.86 570.28 576.82 577.92 567.76

Same refer’d
to its mean| }561.77| 563.26 | 561.15 | 562.07 | 563.60 | 567.16 | 570.02 | 572.67 | 571.23 | 587.61 | 561.00 | 535.47
epoch

YRAR. Noon. | 13b. 14h. 15h. 16h. 17h. 18h. 19h. 20h. 21h. 22h. | 23h.

a. d. 4. d. d. d. d. 4. d. d. d. 4.
1840 577.8 577.3 582.0 586.6 588.8 589.6
1841 558.9 557.3 562.3 567.2 568.8 e 568.6
1842 556.3 553.8 558.5 562.4 564.2 567.1

1843 |5551 | .. |6541 | .. |559.6 | .. |563.6 | .. |563.8 | .. |665.6 | ..
1844 |538.3 |535.5 |536.3 |538.8 |541.9 |544.5 |545.8 |546.2 |546.6 |547.4 |548.8 |549.3
1845 | e
Mean |557.28| .. |566.76| .. |b60.84| .. |[565.12| .. |566.44| .. |567.94| ..

{Same refer’d | :
toits mea.n}550.65 548.05 | 549.05 | 551.33 | 554.22 | 556.98 | 558.43 | 559.05 | 559.67 | 660.18 | 561.28 | 581.97

epoch




O AMPLITUDE OF THE SOLAR-DIURNAL VARIATION

Hourry DEcLINATION, NORMALS FOR A UGUST.
Observations 194 minutes later than indicated. One division of scale == 0/.453.

Mean

SEAR, ! h, 1h. . 3h. t 4n. 5h. gh. 7h. gh. oh: | 10n. | 11n

a. a a | a a. d. d. q. a. a. a. a.
1840 58K.6 589.0 . 592.1 599.7 602.4 582.7 e
1841 | b68.4 570.3 571.6 580.,1 . 583.9 e 568.9
1842 564.8 566.0 { 568.5 573.7 575.0 560.0
1843 5642 | .. 15645 | .. | 267.2 | .. |573.5 | . |B727 | .. |5605 | ..
1844 546.6 | 547.8 | 547.3 | 547.4 | 550.9 | 552.4 | 557.5 | 560.3 |558.2 | 551.8 | 543.3 | 536.4
1845 IS R R S R R RV AR RV O R

l

566.92 ) .. 5(57.42& 570.06 576.90 578.44 563.08

Same refer’d 1
to its mean: ~560.40) 559.85

560.60 | 560.80 | 563.40 | 565.00 | 570.20 | 573.35 | 571.60 | 565.01 | 556.32 | 549.14
epoch

1
|
i
1

YEAR, Noon. | 13h. 14h. 15h. 16h. 17h. 18h. 19h. 20h. 21h. 22n. 23h.

d. d. d. d. d. d. d. d. d. d. d.
1840 573.8 575.2 581.5 586.5 588.2 589.4
1841 5568.3 556.9 564.0 566.8 568.6 568.9
1642 552.3 555.7 561.5 562.2 564.1 564.5
1543 555.1 554.6 561.2 563.6 562.3 564.2
1844 531.8 | 532.0 | 534.3 \ 538.7 |542.1 | 544.3 |546.0 |546.5 | 546.7 |546.6 | 547.8 | 547.7
Mean 554.26 | 554.94 l‘ 562.06 56502 565.98 566.96

Same refer’d

\ !
to its mean [‘&5-17.05 546.49 548.03“552.15 555.27 | 557.12 | 5568.38 | 558.89 | 559.30 | 559.15 | 560.30 { 559.85
epoch |

HovrLy DECLINATION. NORMALS FOR SEPTEMBER.
Observations 194 minutes later than indicated. One division of scale = 07.453.

! i
YEAR. oh. | 1n | gh I‘ 3h. 4h. 5h. 6h. 7h. gh. oh. 10h. | 11h.
a. d. d. d. *a. d. d. d. d. d. d. d.
1840 585.8 588.5 550.2 596.5 595.8 - 584.1 e
1841 565.1 564.5 565.5 569.4 571.1 564.1 .
1842 567.4 567.8 570.0 576.8 574.9 561.2
1843 560.4 560.4 560.3 565.7 566.8 554.6
1844 543.3 | 543.1 | 544.1 | 546.0 | 546.5 | 547.1 |550.0 5529 |552.4 |545.8 |538.3 |532.5
Mean 564.40 565.06 566.50 3 571.68 572.16 560.46
Same refer’di‘)
to its mean |>557.42 557.16 | 558.10 | 559.60 : 559.70 , 561.00 : 564.60 | 566.70 | 565.40 | §59.80 | 553.30 | 547.47
epoch J .

YEAR. Noon. | 13b. 14h. 15h. 16h. 17h. 18h. 19h. 20h. 21h. 22h. | 23h.

d. d. d. a. d. d. d. d. d. d. d, 4.
1840 570.6 572.8 .. | 58L7 583.2 586.6 685.9
1841 553.6 554.5 559.5 562.9 563.8 564.0 .
1842 556.0 555.4 562.0 565.7 566.7 566.6 .
1843 547.5 550.5 556.8 558.0 560.0 558.7

1844|5293 |530.0 |5341 |538.3 |539.4 |541.9 |542.4 |541.9 |543.0 |544.6 |543.7 |543.3

Mean 551.40 553.46 559.88 562.44 564.02 563.78

Same refer’d;

to its mean| »544.25| 543.81 | 546.77 | 551.44 | 553.00 | 555.31 | 555.63 | 556.04 | 557.05 | 568.26 | 556.97 | 557.00
epoch




OF THE MAGNETIC DECLINATION. 1

Hourry DrcLiNaTiON. NorMaALS FOR OCTOBER.
Observations 193 minutes later than indicated. One division of scale = 0/.453.

YEAR. Oh. 1h. 2h. 3h. 4h. bh. 6h. '7h. 8h. 9h. 10h. 11h
d. d. d. d. d. d. d. d. d. d. d. d.
1840 585.8 583.7 584.4 582.4 582.5 577.4 e

1841 566.8 566.3 . 1565.5 . | 567.6 - 569.4 568.2 e
1842 563.1 563.1 564.4 565.0 | .. 568.8 564.0
1843 559.6 | 560.2 |559.6 | 559.1 |559.9 |560.8 |b562.1 |565.1 |566.0 |565.0 |560.8 |56566.5
1844 545.1 |545.3 |544.2 | 546.1 |545.8 |544.4 |548.6 | 550.9 56515 | b48.7 | 545.3 |540.8
1845

Mean 564.08 | .. 563.38 564.001 .. |565.34 .. 587.641 ... |563.14

Same refer'd
to its mean| »557.46; 557.71 | 556.72 | 557.33 | §57.50 | 656.67 | 5569.08 | 561.23 | 561.48 | 560.04 | 556.70 | 552.36
epoch

YEAR. Noon. | 13h. 14b. 15h. 16h. 17h. 18h. 19h. 20h. 21h. 22h. | 23h.

d. d. d. d. d. d. d. d. d. d. 4. d
1840 571.7 570.6 v 575.2 579.6 579.0 586.4
1841 564.0 6562.3 564.7 573.5 568.6 569.3 o
1842 556.0 565.0 558.2 564.3 565.0 565.3

1843 | 553.6 |552.6 |552.7 |564.2 |556.2 |557.0 |558.2 |559.7 |560.1 |561.1 |559.7 |560.7
1844 |541.1 |5639.5 |541.4 | 5440 |545.7 |545.4 |545.6 |545.0 |544.9 | 544.6 | 5445 | 544.6
1845

Mean | 557.28| .. |656.40| ... |560.00] .. |564.24| .. |563.56| .. |565.04] ..

aee vew ase ..

§Same refer’d
to its mean| $551.12] 549.62 | 550.43 | 552.39 | 5654.15 | 555.68 | 557.67 | 557.47 | 556.98 | 558.12 | 558.15 | 558.22
epoch

HourLY DECLINATION. NORMALS FOR NOVEMBER.
Observations 194 minutes later than indicated. One division of scale = 0/.453.

YEAR. Oh. 1h. 2h. 3h. 4h. 5h. 6h. Th. 8h. 9h. 10h. 11h.
d. d. d. d. d. d. d. da. d. d. da, d.
1840 574.4 573.9 576.2 577.0 579.7 575.0 .
1841 557.2 558.5 558.5 557.6 561.7 557.1
1842 564.2 563.8 565.6 566.9 569.2 563.3 -

1843 | 556.3 |556.7 | 556.6 |556.6 | 557.4 |557.4 |559.1 |561.8 |561.3 |560.1 |556.2 | 552.6

1844 | 546.8 |546.8 |548.3 |548.6 |547.4 |5648.5 | 56515 |549.2 |548.4 |547.9 |546.2 |542.8
. 1845

Moan | 559.78 | ... |560.22| .. |561.02| .. |562.42| .. |56406| .. |559.56| ...

sos

§Same refer'd
to its mean| +554.15| 554.21 | 554.77 | 655.20 | 555.28 | 555.30 | 557.13 | 657.98 | 557.98 | 556.90 | 563.87 | 5560.00
epoch

YEAR. Noon. | 13h. 14h. 15h. 16h. 17h. 18h. 19h. 20h. 21k. 2%h. 23h.

d. d. d. d. d. d. d. d. d. d. [ d.
1840 567.5 566.8 570.8 .- 574.1 576.9 - 576.0
1841 551.8 549.9 553.4 564.9 5568.0 558.6 -
1842 556.6 657.3 561.2 564.0 e 565.5 $65.0

1843 | 550.4 |550.0 |551.1 |652.6 |553.8 |554.9 |556.3 |557.5 |557.5 |557.7 |B67.3 |657.4
1844 | 542.8 |541.7 |544.5 |5461 |545.6 |547.0 |548.8 |548.2 |648.3 |549.6 |548.0 |b48.0
1845 N

Mean 653.82 e 553.72 556.96 e 559.62

o aes ane

561.24 - 560.98 | ...

§Same refer’'d :
to its mean }548.52 547.32 | 548.72 | 550.76 | 551.60 | 553.26 ; 554,356 | 555.26 | 5856.62 | 556.36 | 555.35 | 555.35

epoch
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HourrLY DECLINATION. NORMALS FOR DECEMBER.
Observations 19} minutes later than indicated. One division of scale = 0/.453.

YEAR. Oh. 1h. 2h. 3h. 4h. 5h, 6h. 7h. gh. 9h. 10k | 11h.

d. d. d. d. 4. -} d. d. d, d. d. d. d
1840 571.2 568.5 573.1 572.8 573.8 | 573.9
1541 560.1 559.3 560.5 559.6 560.1 - | 558.1 .
1542 561.7 560.7 562.1 562.7 565.5 o | 564.2

1843 | 559.0 |558.1 |557.4 |558.2 |557.8 |558.8 |560.0 |560.8 |561.2 | 561.9 |559.9 |556.7
1844 | 536.1 |535.8 |535.4 |535.9 |536.8 |537.3 |537.2 |536.8 |537.9 |539.3 |536.1 |532.9
1845

Mean 557.62 556.26 558.06 558.46 559.70 558.44

[Same refer’d

to its mean 1550.57 540.92 | 549.32 | 550.38 | 551.05 | 551.35 | 551.45 | 551.75 | 552.60 | 553.75 | 551.25 | 547.78
epoch t’;

YEAR. Noon. | 13h 14h. 15h. i6hb. 17h. 18h. 19h. 20h. 21h. 22h. 23h.
a. d. d. d. 4. d. d. d. d. d. d. d
1840 564.0 564.9 566.0 571.8 572.3 574.5
1841 552.9 551.7 . 555.8 559.6 563.3 e 561.6
1842 556.6 566.2 560.1 562.0 563.5 563.8
1843 552.9 |551.4 }550.9 |553.1 |554.6 |557.5 |558.2 |558.9 |559.6 |560.0 |559.9 |559.5
1844 530.6 |529.3 |529.4 |532.1 |533.2 |534.8 |535.9 |537.0 |536.8 |537.4 |537.8 {537.1
Mean 5561.40 550.62 553.94 557.50 559.10 - 559.52

Same refer’d; )

to its mean;j&544.47 543.45 { 543.62 | 546.35 | 547.02 | 549.40 | 550.43 | 551,50 { 551.92 } 552.35 | 552.43 | 551.60
epoch

The following table contains the recapitulation of the monthly normals for each
hour of the day, and for the mean epoch 1842 to 1843, and forms the basis for the
discussion of the diurnal variation and its annual inequality. The table exhibits
at onc view the mean hourly readings for each month, unaffected by the larger dis-
turbances.




OF THE MAGNETIC DECLINATION. 9

RECAPITULATION.—MONTHLY DECLINATION-NORMALS FoR £AcH HoUR oF THE DAY, AND FOR THE
Mzax ErocH 1842-43.
Increasing secale divisions denote an easterly movement of the north end of the msgnet. The readings belong

to an hour 194 minutes later than indicated by the figares at the head of the columns. Valae of a scale
divigion == 0/.458. Readings derived from five years of observations between 1840 and 1845.

PrrLapereriA Meax Tixe.

preammeoenl o L g | e ] o | & sh | 6n j "h. g | b | 10n. | 11m

{ a 1 a | i a 4. a a. a 4. a { a _q.
Januvary 565.25 | 564.80 | 564.35 | 565.62 | 565.70 | 564.66 | 565.47 | 567.74 | 569.27 | 569.51 | 566.65 | 561.88
February | 563.88 | 563.10 | 6563.13 | 563.90 | 564.23 | 565.25 | 565.93 | h67.88 | 568.58 | 567.97 | 565.42 | 561.47
March 1 565.60 { 5665.72 | 566.03 | 565.75 | 667.82 | 567.568 | 669.20 | 572.11 | 573.87 | 571.95 | p67.32 | 562.02

] April 6656.93 | 566.42 | 567.05 | 667.12 | 567.86 | 568.81 | 571.17 .| 569.90 | 573.32 | 570.98 | §65.18 | 659.76
May 563.95 | 565.16 | 564.27 | 564.72 | 566.47 | 569.28 | 572.10 | 674.01 | 572.67 | 568.07 | 562.42 | 557.72
June | 661.70 | 561.81 | 561.78 | 561.91 | 564.58 | 567.38 | 571.32 | 572.42 | 571.08 | 56746 | 561.38 | 555.22!
July | 561.77 | 563.26 | 561.15 | 562.07 | 563.60 | 667.16 | 570.02 | 672.67 | 5TL.23 | 567.61 | 561.00 | 553.47

August 560.40 | 559.85 | 560.60 | 560.80 | 563.40 | 565.00 | 670.20 | 578.36 | 571.60 | 565.01 | 556.32 | 549.14
September | 5567.42 | 557.16 | 558.10 | 559.60 | 569.70 | 561.00 { 564.60 | 566.70 | 565.40 | 559.80 | 653.30 | 547.47{
October 557.45 | 557.71 | 656.72 | 557.33 | 557.50 | 556.67 | 559.08 | 561.23 | 561.48 | 560.04 | 556.70 | 552.36
November | 554.15 | 554.21 | 554.77 | 555.20 | 555.28 | 555.30 | 557.13 | 557.98 | 567.98 | 556.90 | 558.87 | 550.00
December | 550.57 | 549.92 | 549.82 | 550.38 | 551.05 | 651.85 | 551.45 | 651.75 | 562.60 | 553.76 | 651.25 | 547.98

MEax ErOCR| Noon.| 13b. | 14b. | 15h. | 16n. | 17n | 18h. | 19n | 20n | 21n | 22h | 23h | Mean.

d. d. qa. d. d. q. d. q. d. a. d. q. d.

January 15657.72{55%7.31(5657.55568.97 |561.201 562.41 | 563.38 | 564.82 | 565.90 { 567.00 | 567.20 | 666.35 | 564.20
February {657.331555.85557.17[658.30:559.43 660.25 | 562.13 | 562.25 | 564.42 | 565.02 1 564.77 | 564.00 | 562.98
March 557.52555.751556.971657.75 1559.63| 561.85 | 563.68 | 565.31 | 565.75 | 566.04 | 566.087 566.94 | 564.86

April 565.25652.54552.92 555.13 |558.18] 562.05 | 562.88 | 563.16| 664.50 | 564.59 | 565.08 | 667.50 | 564.03
May 553.28551.625562.771555.23 1658.80| 561.94 | 562.28 | 663.44 | 563.10 | 563.94 | 664.09 | 564.04 | 563.18]
June 651.77549.421550.47 |552.80 1565.57| 556.76 | 559.70 | 560.26 | 660.17 | 580.58 | 560 95 6561.65 | 560.84
July 550.65 | 548.05 |549.05 |551.33554.22| 556.98 | 568.43 | 559.05 | 669.67 | 560.18 { 561.28 | 561.97 | 560.24

August 547.05|546.49 {548.03 |5562.15 [555.27 | 657.12 | 5568.38 | 5568.99 | 559.30 | §59.15 | 560.30 { 559.85 | 559.07
September {544.25|543.81546.77 551.44 553.00] 555.31 | 5655.63 | 566.04 | 657.05 | 558.26 | 656.97 | 557.00 | 656.07
October  [551.12)549.62(550.43|662.39554.15| 5556.68 | 567.67 { 557.47 | 6566.98 | 558.12 | 558.15 | 558.22 | 556.43
November [548.52|547.32(548.7215650.76(551.60| 553.25 | 5564.35 | 555.26 | 555.62 | 556.86 | 555.35 | 555.36 | 553.97
December 544.47|543:46 |543.621546.35 547.02{ 549.40 | 5560.43 | 551.60 | 551.92 | 552.35 | 552.43 | 551.60 | 549.82

Mean . e o e e s e e R 559.64

This table shows plainly the relafion of the mean hourly position of the magnet
of each month to its general mean position, after the separation of the larger dis-
turbances, and also, by running the eye along any horizontal line, the solar-diurnal
variation for each month. It does not, however, show distinctly the annual in-
equality, on account of the changes in the numbers by the secular change. To
eliminate the effect of this change, each hourly normal has been compared, in the
following table, with the corresponding mean monthly value, as given in the last™
right-hand column ; the sign + indicating a westerly direction, and — an easterly
direction,’ of the north end of the magnet from the mean monthly position. The
scale divisions have been converted into minutes of are.

! The sign -+ being generally taken to signify west declination, it has been retained to indicate s
movement of the north end of the magnet to the west.




10 AMPLITUDE OF THE SOLAR-DIURNAL VARIATION

TABLE OF TUE SOLAR DIURNAL VARIATION 0F THE MAGNETIC DECLINATION FOR EACH MONTH OF
THE Y EAR, SHOWING THE ANNUAL INEQUALITY.

Observations 194 minutes later than indicated in the headings.
PrinapeLpEIA MEAN TIME,

M on | am | 2n | sn | 4 | ph | 6b | 7h | gh | on | 10h | 11
January | —0.47 | —07.27 | —(/ 07 —0/.64 | —0'.68 | —0/.21 | —0/.57 | —1/.61 { —2/.29 | —2/.40 | —1.11 | 4-17.06
February | —0.41 | —0.06 | —0 07 ' —0.42 | —0.56 | —1.03 | —1.34 | —2.92 | —2.51 | —2.26 | —1.11 | 4.0.68
March = | —0.34| —0.30 | —0.53 —0.40 | —1.35 | —1.21 | —1.97 | —3.28 | —3.85 | —3.21 | —1.12 | 4-1.29
April | —0.86 | —1.09 ] —1.37 ' —1.40 | —1.73 | —1.94 | —3.24 | —2.65 | —4.21 | —3.15 | —0.50 | 4-1.93
May | —0.35 | —0.90 { —0.49 | —0.70 | —1.49 | —2.77 | —4.04 | —4.90 | —4.30 | —2.66 | +0.35 | 4-2.47
June | —0.39 | —0.44 | —0.43 | —0.48 | —1.70 | —2.97 | —4.75 | —5.25 | —4.62 | —3.00 | —0.25 | 4-2.54
July | —0.68 | —1,87 | —0.41 ' —0.82 | —1.53 { —3.18 | —4.44 | —5.63 | —4.98 | —3.34 | —0.35 | 4-3.07
August F—0.60 | —0.36 | —0.69 | —0.78 | —1.96 | —2.68 | —5.03 | —6.47 | —5.68 | —2.69 | 4+1.25 +-4.50

September  —0.61 | —0.49 | —0.92 ' —1.60 | —1.64 | —2.23 | —3.86 | —4.81 | —4.23 | —1.69 | +1.26 | 4{-3.89
October | —0.46 | —0.58 | —0.13  —0.41 | —0.48 | —0.10 | —1.20 | —2.17 | —2.28 | —1.63 | —0.12 | 4-1.84
November | —0.09 | —0.11 | —0.36 i —0.55 | —0.59 | —0.60 | —1.44 { —1.81 | —1.81 | —1.33 | 4-0.05 | 4-1.80
December | —0.34 | —0.05 | 40.23 ' —0.26 | —055 | —0.69 | —0.73 | —0.87 | —1.27 | —~1.78 | —0.64 | +0.93

Summer | —0.58 | —0.78 | —0.72 | —0.96 | —1.68 | —2.63 | —4.23 | —4.95 | —4.67 [ —2.76 ‘ +0.29 | +3.07
Winter —0.35 | —0.24 | —0.16 | —0.45 | —0.70 | —0.64 | —1.22 | —1.99 | —2.33 | —2.10 : —0.67 | 41.27
Year —0.47 | —0.51 | —0.44  —0.71 | —1.19 | —1.64 | —2.72 | —3.47 | —3.50 | —2.43 | —0.19 | 4+-2.17

. ] §
N e H Noom, | 13h. | 14h. | 15k ! 16h. | 17h. | 18h. | 1oh. | 20n | 21h | 2%h | 93h.
Tamuary 42094 432121 43701 | 42736 4136 | --07.81] 40737 | —0/.28 | —07.77 | —1..27 | —17.36 | —07.98
Februacy — +2.55 | £8.23 42,62 | +2.12 1 4161 | 41,24 | 1-0.38 | +0.33 | —0.65 | —0.93 | —0.81 | —0.46
March | 4385 0 +413  43.02 | 43221 42386 | 41.36 | 1053 | —0.20 | —0.40 | —0.54 | —0.55 | —0.05
April 3008 | 4520 | 4-5.02 | 44.03 | +-2.64 | 40.90 | 3-0.52 | 4+-0.39 | ——0.91 | —0.26 | —0.47 | —1.57
May Dbady | 4524 4471 43,60 | 4+1.99 | 4056 | +0.41 | —0.12 | 40.04 | —0.35 | —0.41 | —0.39
Tune | 411 [ 4+5.06 | 470 | +3.64 | 238 | £-0.95 | 40.51 | 40127 | +0.30 | 4012 | —0.05 | —0.36
Tuly (b3 558 4507|4403 +2.73 | H1.47) 081|053 | $0.26 | $0.03 | —0.47 | —0.78
Augast | 4545 4571 4500 [ 4314 | +1.72 | 4068 | 10.32 | 40,03 | —0.10 | —0.04 | —0.56 | —0.36
Septemaber | 45,35 | 4-5.56 | 4+-4.17 | +2.09 | 4-1.39 | 4-0.35 | 4-0.20 | 4-0.01 | —0.45 | —1.00 | —0.41 | —0.42
October 42,40 | 43.08 4272 | +1.83 | +1.04 | 4-0.35 | —0.56 | —0.47 | —0.25 | —0.76 | —0.78 | —0.81
F November | 4246 | 4-3.01 | 42.87 | +1.45 | +1.08 | +0.33 | —0.18 | —0.59 | —0.74 | —1.09 | —0.63 | —0.63
December | 4242 | +2.69 i 4281 | +1.57 | +1.27 | 40,19 | —0.27 | —0.76 | —0.96 | —1.15 | —1.18 | —0.81
Sunimer Jf—-l 40, 4+4.78 +3.42}+2.141+0.85i+0.46 +4-0.19 | —0.03 | —0.25 | —0.40 | —0.65
Winter | 2. 4276 | 42.09 | 4+1.46 | 4-0.71 | 40.05 | —0.33 | —0 63 | —0.95 | —0.88 | —0.77
Year | 3. 4377 +276 | HL80 | 078 | +0.25 | —0.07 | —0.83| —0.60 | —0.64 —0.71

The distinctive features of the above table are next to be considered analytically
as well as graphically. The inequality in the diurnal variation is most conspicuous
when the tabular numbers in the horizontal lines for the months of February and
August arc compared. The annual variation appears plainest by carrying the eye
over the vertical column at the hours 6 or 7 A, M. The annual variation depends
on the earth’s position in its orbit; the diurnal variation being subject to an in-
cquality depending on the sun’s declination. The diurnal range is greater when
the sun has north declination, and smaller when south declination; the pheno-
menon passing from one state to the other about the time of the equinoxes. To
show the diurnal variation at these periods, the summer and winter means, as well
as the annual means, were tabulated. The months from April to September (in-
clusive) comprise the summer period, and from October to March (inclusive) the
winter period. The first diagram (A) shows this variation, and contains the type
curves for these half yearly periods. We find for the summer months a diurnal
range of nearly 10} minutes, and for the winter months of but 51 minutes. These
and other curves will be further analyzed hereafter.
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(A).—MeAN SoLAR-DIvRNAL VARIATION OF THE DECLINATION FOR SuMMER, WINTER, AND THE WHOLE YEAR.
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The second diagram (B) exhibits the same phenomenon in a different way; the
yearly curve of the first diagram being straightened out and forming the axis of
the second diagram, which thus shows the deviations from the annual mean value
for the two seasons when the sun has north and south declination. The ordinates
are obtained by subtracting the annual mean from either the summer or winter
mean in the preceding table. This diagram exhibits, in quite a characteristic
manncr, the course of the annual variation at the different hours of the day, at

(B).—SEMIFANNUAL IRREGULARITIES OF THE SOLAR-DIDRNAL VARIATION OF THE DECLINATION.
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the scason for which the diagram is constructed. Thus, at the hour of 6 or 7 in
the morning, the annual variation is a maximum, disappearing at a quarter before
10 A. M., and reaching a second (secondary) maximum value at 1 P. M. It
almost disappears soon after 5 P. M., and a third still smaller maximum is reached
after 9 .M. Half an hour before midnight, the annual variation again disap-
pears. At (and before and after) the principal maximum, between 6 and 7 in the
niorning, the annual variation causes the north end of the magnet to be deflected
to the east in summer and to the west in winter; at 1 P. M., the deflections are to
the west in summer and to the east in winter. The range of the diurnal motion
is thus increased in summer and diminished in winter; the magnet being deflected
in summer more to the east in the morning hours, and more to the west in the
afternoon hours, or having greater elongations than it would have if the sun moved
in the equator. In winter, the converse is the case. The range of the annual
variation from summers to winter is about 3'.0, and its daily range about 2'.6 at
Philadelphia.

(C).—ComraARATIVE D1aGrAM oF THE SEMI-ANNUAL DEFLECTION 0F THE SOLAR DIURNAL VARIATION.
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The next diagram (C) has been projected in order to illustrate the semi-annual
incquality of the diurnal variation at four principal magnetic stations. The
general features of the Philadelphia curve most nearly resemble those exhibited
in the St. Helena curve; and relatively, the Toronto and Hobarton curves appear
to represent rather extreme than normal shapes. The Philadelphia and St. Helena

' The annual variation of the diurnal motion has been made the subject of a particular discussion by
General Sabine, in papers presented to the British Association and the Royal Society. See Reports
of the British Association, 1854, pp. 855-368, and Trausactions of Royal Society, May 18, 1854,
pp. 67-82; also, article XX VIII, Philosophical Transactions, 1851.
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eurves have another feature in common: the amplitude at its maximum value,
shortly after 6 A. M., is less than the amplitude at Toronto and Hobarton; and,
upon the whole, the Philadelphia type confirms the idea that all forms partake of
the same general character, more or less affected by incidental irregularities.

In reference to the annual variation, General Sabine, in the “rectifications and
additions” to the last volume of Humboldt’s Cosmos, expresses himself.as follows:
«Thus, in each hemisphere, the semi-annual deflections concur with those of the
mean annual variation for half the year, and consequently augment them, and oppose
and diminish them in the other half. At the magnetic equator, there is no mean
diurnal variation, but in each half year the alternate phases of the sun’s annual in-
equality constitutes a diurnal variation, of which the range in each day is about 3’
or 4, taking place every day in the year except about the equinoxes; the march of
this diurnal variation being from east in the forenoon to west in the afternoon,
when the sun has north declination, and the reverse when south declination.”
According to the same authority, the annual variation is the same in both hemi-
spheres, the north end of the magnet being deflected to the east in the forenoon,
the sun having north declination; when in the diurnal variation, the north end of
the magnet at that time of the day is defleeted to the east in the northern hemi-
sphere and to the west in the southern hemisphere. In other words, in regard to
direction, the law of the annual variation is the same, and that of the diurnal
variation the opposite, in passing from the northern to the southern magnetic
hemisphere.

I next proceed to consider more in detail the annual variation at the hours of
6 and 7 in the morning and of 1 and 2 in the afternoon, these being the hours of
the principal and secondary maxima respectively. By subtracting the annual
mean from each monthly value at the respective hours, we obtain from the preced-
ing general table the following columns :—

ANNUAL VARIATION AT THE HoURS oF THE PRINCIPAL AND SECONDARY MAXIMA OF RANGE.

i } indicates { ;“’s’? } deflection from the mean annual position.

6h. A, M, b oA M. Mean. 1b p. . 2b. p, M, Mean.
Janmary . . . . . . +2.15 -4-1/.86 -+2'.01 —1/.20 0,76 -7, 98
February. « « -« .« +1.38 41.25 +1.31 —1.09 —1.15 —1.12
March., « . « « . =« +4-0.75 +-0.19 +0.41 -—0.19 —0.78 .47
April v .+ . o . —0.52 +-0.82 +0.15 +4-0.88 +1.25 +4-1.06
May . o« + « s & s —1.32 —1.43 -—1.38 +-0.92 +4-0.94 +0.93
Jane . . . ¢ e . s —2.03 —1.78 —1.90 4-0.84 4-0.93 +4-0.89
July . . o« o . . —1.72 —2.16 —1.94 +1.21 4-1.30 +1.25
Angust . .« . . . —2.31 —3.00 —2.66 +-1.39 +1.23 +1.31
September . . . . . ~1.14 —1.34 —1.24 +1.24 +4-0.40 4-0.82
October . . . .+ . . +1.52 +1.30 +1.41 —1.%4 —1.06 -1.14
November . . . . +4-1.28 +1.66 | 1.47 —1.31 —1.40 —1.35
December . . . . . +199 | +$260 | 2.30 —1.43 —0.96 -1.20
Maximum range at the above hours, Range at the hours 1 and 2 P.M. 2.7 ;
57.0; the easterly deflection being greater || the eastern and western deflections being
by 0/.4 than the westerly. equal.

A general inspection of the above columns containing the mean values shows
that, approximately, the solstices are the turning epochs of this annual variation, -
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the signs changing at the time of the equinoxes. To ascertain how nearly this is
true, und in order to obtain a more precise expression, the means of the two columns
(after changing the signs in the second) for each month respectively, were put into
an analytical form, using Bessel’s well-known formula for periodic functions—
as =+ 178 sin (6 + 90°) + 07.32 sin (2¢ 4 180°);
or, Ag == - 1778 cos 6 — /.32 sin 26;
th¢ angle 9 counting from January 1st.

The maximum values will occur on the first of January and the first of July;
and the transition from a positive to a negative value, and the reverse, will take
place on the first of April and the first of October, the equation 1.78 cos 6 = 0.32
sin 2 6, being only satisfied for 6 = 90° and 270°. That the angles (| and C,

should be exactly 90° and 180° is remarkable. The monthly values are satisfied
as follows :—

Middle of By observation. By calculation.
January . . . . . . . +1.50 +41'.56
February . . . . . . . -4+1.22 +0.94
March . . . . . . . 40.47 +40.30
April . . . . . . . . —0.46 —0.30
Ma¥ . . . . . . . . —1.16 —0.94
June . . . . . . . . —1.40 —1.56
July . . . . . . . . —1.59 —1.56
August . . . . . . . —2.00 —0.94
September . . . . . . . —1.03 —0.30
October . . . . . . . +1.28 —+0.30
November . . . . . . . +1.41 +0.94
December . . . . . . . 4176 “+1.56

The regular progression of the monthly values is a feature of the annual varia-
tion deserving particular notice. There is no sudden transition from the positive
to the negative side, or vice versd, at or near the time of the equinoxes (certainly
not at the vernal equinox); on the contrary, the annual variation seems to be
regular in its progressive changes. The method here pursued is entirely different
from that employed by General Sabine for the same end, but the results are, never-
theless, in close accordance. He remarks (in the British Association report above
cited): “ When a mean is taken corresponding to the 10th or 11th day after the
cquinox, the transition from the character of the preceding six months has already
commenced and advanced very far towards its completion, and, by the middle of
October, is quite complete; apparently, the progress of the change is somewhat
more tardy in the March than in the September equinox.” From the above ana-
lysis, we have found that the transition took place ten days after either equinox,
and also that the turning points occur ten days after the solstices.

For the more precise determination of the law of the phenomenon, and in order to
render the results of similar investigations comparable with one another, the regular
solar-diurnal variation is now to be expressed as a function of the time. The pre-
ceding tabular values, given in minutes of arc, when treated as required by Bessel’s*
periodic function, furnish the following expressions for each month of the year:—

' For another development of the formula, see Rev. Dr. H. Lloyd, “ On the Mean Results of
Observations,” Transactions Royal Irish Academy, 1848, Vol. XXII, Part 1. Dublin, 1849.
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For January, &g = +1/.423 sin (15 n + 225° 097) 4 17.491 sin (30 n 4 16° 38')
+07.579 sin (45 n + 220° 23’) + 0/ 548 sin (60 n + 53°.. )
For February, aq = +1’.469 sin (15 n + 211° 09’) + 17.456 sin (30 n 4 20° 507)
+0%.472 sin (45 n + 281° 59’) + 0/.352 sin (60 n + 60°.. )
For March,  ag= +27.098 sin (15 n + 206° 46') + 17.827 sin (30 n + 26° 34")
+07.693 sin (457 + 230° 107) + 0/.413 sin (60 n 4 84°..)
For April, Ag = +27.906 sin (15 n 4 213° 21’) + 2.001 sin (80 n + 34° 01/)
+07.926 sin (45 n + 223° 29’) -+ 07.245 sin (60 n + 80°.. )
For May Ag = +2/.746 sin (15 n 4 210° 38’) + 2377 sin (30 n + 45° 50’)
+07.970 sin (45 n + 251°517) + 0%.100 sin (60 n 4+161°.. )
For June, Ag= +27.888 sin (15 u 4 204° 09') 4 27.438 &in (30 n - 44° 15')
407.941 sin (45 n 4 254° 03') 4- 0'.216 &in (60 n +114°.. )
For July, Aa= +3".310 sin (15 n + 204° 19") + 2'.465 sin (30 n 4 38° 48’)
+17.047 sin (45 n + 251° 38') -+ 07.092 stn (60 n +176° .. )
For August, Aa= +8".161 sin (15 n + 211° 87') + 2/.849 sin (30 n + 52° 16’)
+1%.375 gin (45 n -+ 265° 49') -+ 07.201 sin (60 n 4 51°.. )
For September, g = +2'.706 sin (15 n 4 220° 05’) + 2'.372 sin (30 n 4+ 55° 54’)
+17.126 sin (45 n + 261° 147) + 0/.414 sin (60 n +115°.. )
For October, Ag= +17.271 gin (156 n + 226° 29’) - 1/.325 sin (30 n -+ 33° 12/)
+07.727 sin (45 n + 230° 52') + 07.150 sin (60 n + 47°..)
For November, Ag= +417.259 sin (15 n + 229° 06’) + 17.257 sin (30 n + 89° 15)
+07.390 sin (45 n + 236° 30’) + 0'.242 sin (60 n + 87°.. )
For December, ag= 417.212 sin (15 n 4 231° 46’) + 1/.321 sin (30 n + 23° 34')
+07.367 sin (45 n + 205° 46’) + 0'.418 sin (60 n 4+ 32°.. )

In like manner, we obtain for the summer half-year (from April to September
inclusive), for the winter half-year (from October to March inclusive, and for the
whole year, the following expressions for the diurnal variation:—

For summer half-year, a2 = +2.936 sin (15 n + 210° 36) 4 2".404 sin (30 » + 46° 07)
+17.031 sin (45 n 4 253° 87') + 0°.178 sin (60 n +132° 20/)
For winter half-year, ag= -}1".420 sin (156 n + 220° 41') 4 1'.399 sin (30 » -+ 26° 39')
+07.520 sin (45 n + 227° 26') 4 0°.310 sin (60 » 4 61° 17')
For the whole year,! ag= 42.167 sin (156 n - 218° 55') 4 1’.875 sin (30 n 4+ 38° 527)
+0%.759 sin (45 7 + 244° 40') + 07.198 sin (60 n + 83° 05)

1 For the purpose of showing the correspondence when the above equation is deduced independ-
ently, from the observations at the even and odd hours, I add here the values for the two cases :—

From even hours, ad =4-2'.170 sin (15 n 4-213° 27/) 4+ 1/.888 sin (30 n - 38° §9/)
407,729 sin (45 n +244° 57") + 07183 sin (60 n 4 83° 267)
From odd hours, ad=-+2.159 sin (156 n --215° 19’) -} 1/.835 sin (30 » -} 38° 31/)
+-0.848 sin (45 n +243° 49') + 0/.242 sin (60 » + 82° 01)
The relative weights of the results by the even hours and the odd hours are as 3 : 1.

If, for the purpose of comparison with the previons results in Part I of this discussion, and with
other similar expressions, we change the angles C,, C,, C,, C, by 180°, which is equivalent to an
easterly deviation from the mean for positive results and to & westerly deviation for negative results,
we find— .
For Philadelphia, ad=+2.167 sin ( 8 $33° 65’) + 1/.875 sin (20 4 218° 52")

407759 sin (38 +64° 40) + 0/.198 sin (48 - 263° 057)
For Dublin, ad =43/.519 sin ( € 4-84° 18" 4 27.127 sin (28 4 225° 227)
~4-0/.688 sin (38 +4-70° 40") 4 ¢/.322 sin (48 -242° 271)
This latter expression is-copied from the Rev. H. Lloyd’s discussion of the Dublin ohservations in
1840-743.
For a comparison of the monthly equations, the reader mey also consult similar expressions ob-
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In determining the least square coefficients in these equations, allowance has
been made for the different weights due to the readings at the even and odd hours.
¢ is reckoned from midnight at the rate of 15° an hour. To compare the numerical
quantities of the angles C,, C,, Oy O, in the general expression—

Oy= By sin (0 + C))+ By sin (20 + C;) + By sin (30 + C5) + B,sin (40 + C)),
with the same quantities in the formula of the diurnal variation (pp. 8 and 9 of
Part I), 180° must first be added or subtracted from each angle given there; since,
in the discussion of Part I, increasing numbers correspond to a decrease of western
declination, the scale being thus graduated, whereas, in the present case, increasing
positive numbers correspond to an increase of western declination, as stated above.

The following table exhibits the close correspondence of the computed and ob-
served mean annual value of the regular solar-diurnal variation :—

DITRNAL VARIATION. DITENAL VARIATION,
Philadelphia Philadelphia

mean time. C-—0. mean time. -0,

Computed. Observed. Computed. Observed.
Ol 194m. —{7.49 —0/.47 ~—07.02 Noon 194m. 43769 -}-37.65 —+-0/.04
1 194 —0.48 —0.51 -+0.03 13h- 193 -+4.28 +4.32 —0.04
2 144 —0.51 -—0.44 —0.07 14 193 +3.81 ‘+3.77 +0.04
3 144 —0.67 —0.71 +4-0.04 15 193 +-2.77 +-2.76 +0.01
4 14 —1.09 —1.19 —+0.10 16 19% -+1.71 -+1.80 ~—0.09
Ho1Y —1.82 —1.64 —0.18 17 194 +4-0.88 +40.78 4-0.10
[T —2.77 —2.72 —0.05 118 193 -+0.33 40.25 ~+0.08
714 —3.49 —3.47 —0.02 || 19 19} —0.07 —0.07 - 0.00
§ 14 —3.44 —3.50 --0.06 P20 194 —0.38 —0.33 —0.05
9 14 —2.29 —2.43 +0.14 I 21 194 —0.57 —0.60 +40.03
10 76 —0.24 —0.19 —0.05 |l 22 19 —0.62 —0.64 +40.02
i1 194 42,03 +2.17 —0.14 }‘ 23 193 —0.57 —0.71 +0.14

The maximum difference at any one hour is less than 117, and the probable error
of any single hourly result is +0'.05. The probable error of any single computed
value from a monthly expression is +0'.19.

By mecans of the preceding equations, the hourly values of the diurnal variation
for each month of the year have been computed; and the results, projected in
curves, are given in Diagrams D and E. The first contiins the curves for the
six months of the summer half-year, and the second those of the winter half-year.
Positive ordinates correspond to a westerly movement, and negative ordinates to
an casterly movement, of the north end of the magnet. The diagram following
(F) contains the type curves for summer, winter, and the whole year, all being
upon the same scale.

tained by Mr. Karl Kreil from his discussion of declinometer observations at Prague, extending
over ten consecutive years (1840-'49), and selected from a thirteen years’ series, in order to obtain
mean results unaffected by the smaller inequality of the ten or eleven year period with which our
results are still affected.  Part I of the present discussion, however, affords ready means of changing
slightly the numerical values of the coefficients B,, B, B,, B, in our equations, in order to obtain
the values we would have obtained, had we discussed a consecutive eleven year series of observa-
tions or one extending over a sefies of years corresponding to the actual length of the solar period
then observed. Mr. Kreil’s discussion will be found in Vol. VIII of the proceedings of the mathe-
matical and physical section of the Imperial Academy of Sciences at Vienna (1854.)
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ReGULAR SoLAR-DIUERRAL VARIATION OF THE MAGNETIC DRCLINATION, SUMMER HALF YEAR.
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SOLAR-DIURNAL VARIATION

REGULAR SoLAR-DIvRNAL VARIATION OF THE MAGNETIC DECLINATION, WINTER HALF YEAR.
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Tyre-CuRves oF THE REGULAR SoLAR-DIURNAL VARIATION OF THE DECLINATION,
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REGULAR SoLAR DIURNAL VARIATION OF THE MAGNETIC DECLINATION COMPUTED FOR EVERY
MoxrtH OF THE YEAR, AND FOR THE PRINCIPAL SEASONS.

MeaN Epoca!

1842-43. | Oh 1h. 2h. 3h. 4h. 5h. 6h. 7h. gh. 9h. 10h. 11h
Jannary | —07.52| —0'.24| —0/.30 —0.48 | —0/.48 | —0/.38 | —0/.55 | —1/.24 | —2/.12 | —2/.45 | —1/.59 | 4-0".26
February | —0.30 | —0.09 | —0 14 @ —0.32 | —0.49 | —0.71 | —1.18 | —1.90 | —2.52 | —2.49 | —1.49 | 4-0.24
March —0.25 {| —0.32 | —0.55 | —0.71 | —0.81 | —1.09 | —1.84 | —2.93 | —3.67 | —3.40 | —1.81 | 4-0.55
April —0.88 | —1.14 | —1.34 | —1.44 | —1.54 | —1.88 | —2.64 | —3.55 | —4.02 | —3.42 | —1.54 | 4-1.11
May —0.58 | —0.59 | —0.50 | —0.59 | —1.18 | 2,32 —3.75 | —4.74 | —4.66 | —3.24 | —0.81 | 4+1.33
June —0.19 | —0.28 | —0.41 | —0.69 | —1.32 | —2.456 | —3.87 | =-5.02 | —5.13 | —3 80 | —1.23 | 4-1.69
July —0.80 | —0.82 | —0.67 | —0.72 | —1.34 | —2.62 | —4.22 | —5.42 | —5.45 | —4.04 | —1.47 | 4-1.47
August —0.621 —0.33 | —0.21 | —0.59 | —1.60 | —3.09 | —4.68 | —5.71 | —5.48 | —3.67 | —0.58 | 4-2.87
September | —0.52 | —0.72 | —0.90 | —1.06 | —1.42 | —2.23 | —3.51 | —4.55 | —4.50 | —2.84 | -+-0.11 | 4-3.18
October —0.44 | —0.52 | —0.30 | —0.20 | —0.16 | —0.45 | —1.33 | —1.72 | —2.19 | —1.92 | —0.79 | +-0.77

November | —0.23 | —0.21 | —0.32 | —0.44 | —0.56 | —0.75 | —1.18 | —1.68 | —1.91 | —1.50 | —0.37 | 4-1.11
December | —0.36 | --0.01 | —0.02 | —0.34 | —0.60 | —0.67 | —0.73 | —1.00 | —1.44 | —1.64 | —1.09 | +0.26

Summer —0.63 | —0.71 | —0.71 | —0.81 | —1.33 | —2.43 | —3.84 | —4.92 | —4.91 | —3.43 | —0.83 4212
Winter —0.41 | —0.26 { —0.29 | —0.42 | —0.50 | —0.68 | —1.09 | —1.73 | —2.25 | —2.15 | —1.12 | 4-0.58

Year —0.49 | —0.48 | —0.55 | —0.62 | —0.94 | —1.54 | —2.41 | —3.31 | —3.54 | —2.80 | —1.02 | 4-1.32

" Noon. | 13h. | 14h. | 15n. | 1gh | 17h. | 1sh. | 19h. | 20n. | 21b | 29n | 23n.

January | 42.26 | 43140 | 4334|4246 41752 | 4-0.92| 4057 | 4-07.08 | —0".64 | —1/.29 | —1/.45 | —1/.08
February |-+1.96 | +2.97 | +3.02 | +2.42 | 4+1.71 | 4-1.17 | 4-0.76 | 4-0.26 | —0.36 | —0.85 | —0.97 | —0.70
March 4-2.71 | 4-3.86 | +-3.85 | 4-3.17 | 4-2.33 | 4-1.65 | 4-1.02 | 4-0.35 | —0.31 | —0.70 | —0.67 | —0.43

April +3.60 | 45.06 | 4-5.18 | 44.28 | +-2.98 | +1.76 | +-0.88 | 4-0.27 | —0.14 | —0.38 | —0.54 | —0.67
May +4.06 | 45.07 | 4-4.88 | 4-3.85 | 4-2.48 | 4+-1.22 | 4-0.39 | —0.02 | —0.13 | —0.14 | —0.21 | —0.43
June 43.99 | 4-5.00 | +4.79 | 4-3.79 | +-2.60 | 4-1.59 | 4-0.87 | 4-0.38 | 4-0.07 | —0.10 | —0.13 | —0.15
July +43.90 | +5.26 | 4-5.37 | +-4.54 | 4-3.28 | 4-2.04 | +-1.16 | 40.66 | 4-0.39 | 4-0.18 | —0.15 | —0.53

Angust | 45.44| +6.35 | 45.55 [ 4-3.75 | +1.98 | 4-0.87 | 4-0.50 | 4-0.45 | 4+0.26 | —0.13 | —0.56 | —0.77
September | 4-5.18 | 4-5.54 | 4-4.48 | +2.99 | 4-1.68 | 4-0.85 | 4-0.33 | —0.11 | —0.44 | —0.56 | —0.55 | —0.44
October | 42.60 | 4-3.17 | 43.00 | 4+-2.20 | 4-1.08 | {-0.25 | —0.39 | —0.86 | —0.39 | —0.52 | —0,69 | —0.69
November | 4-2.31 | +2.81 | -+2.58 | 4-1.90 | +1.18 | 4-0.57 | 4-0.06 | —0.40 | —0.59 | —0.92 | —0.77 | —0.49
December | 4-1.86 | +2.95 | 4-3.04 | 4-2.32 | 4-1.34 | 4-0.57 | 4-0.11 | —0.28 | —0.78 | —1.22 | —~1.33 | —0.96

Summer | 44.35 | 4-5.29 | 4-4.99 | +3.89 | +-2.57 | +1.43 | 4-0.64 | 4-0.18 | —0.05 | —0.17 | —0.33 | —0.44
Winter | 42.21 | 43.12 | +8.09 | 4-2.38 | 41.52 | 4-0.84 | 4-0.37 | —0.08 | —0 55 | —0.89 | —0.94 | —0.72
Year +3.25 | 44.22 | 4-4.09 | +3.14 | +2.06 | +1.12 | +0.45 | 40,05 | —0.32 | —0.52 | —0.58 | —0.58
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In the above table + significs westerly and — easterly deflection; it may be
comparcd with similar tables constructed for Toronto,! Dublin,* and Prague® It
will be observed that the preceding table, which gives the observed variation, refers
to an epoch 19} minutes later than the exact local hour (that is, to an exact
Gittingen hour), whereas the computed table refers to the exact Philadelphia hours.

From the computed tabular values, aided by the diagrams, we can now deduce
some of the general features of the diurnal variation and its annual inequality.

The general character of the diurnal motion (see type-curves) is nearly the same
throughout the year; the most eastern deflection is reached a quarter before 8
o’clock in the morning (about a quarter of an hour earlier in summer, and half an
hour later iz winter); near this hour the declination is a minimum; the north
end of the magnet then begins to move westward, and reaches its western elonga-
tion about a quarter after one o’clock in the afternoon (a few minutes earlier in
snmmer), At this time the declination attains its maximum value. The diurnal
curve presents but a single wave, slightly interrupted by a deviation occurring
during the hours ncar midnight (from about 10 P.M. to 1 A. M.), when the
magnct has a direct or westerly motion; shortly after 1 A. M. the magnet again
assumes a retrograde motion, and completes the cycle by arriving at its eastern
elongation shortly before 8 o’clock in the morning. This nocturnal deflection is
well-marked in winter, vanishes in the summer months, and is hardly perceptible
in the annual curve. According to the investigations of General Sabine, it is
probable that, if we had the means of entirely obliterating the effect of disturb-
ances, this small oscillation would almost disappear. In summer, when it has no
existence, the magnet remains nearly stationary between the hours of 8 P. M. and
3 A. M., a feature which is also shown by the annual type-curve.

The two preceding plates show a close general resemblance in the diurnal curves
for the six months when the sun has north deelination, and a similar resemblance
in the other six months when it has south declination.

The analytical expressions give the epoch and amount of variation with greater
precision.  The hours of minimum and maximum deflection are obtained from the
equation (ZZ? i ¢; and the hours of the mean declination, when the curves cross

«n
the axis of abscissee, from the condition A, =o. The following table contains
these results for each month and the two principal seasons of the year, also the
critical interval between the two adjacent hours of the mean position.

1 Vol. ITIL., Table LXVI. ; compare also with Table VII. of Vol. I1.
* Trans. Royal Irish Academy, Vol. XXII., Part I., Table III.
» Academy of Sciences at Vienna, Vol. VIII. of Math. Section, Table IL.
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L3 ) 3
Eastern Western Critieal inter- | EpPocH o¥ MEAN DECLIXATION.
MoxNTa. elongation elongation val from Critieal
A/ M. P. M, minimum to interval,
maximum. A. M, P. M.

Jabpuary . . . . . . gh. 58m. 1h. 27m. 4hb. 29m. 10h. 52m. 7h. 08m. 8h. 16m.
Febroary. . . . . . 8 34 1 32 4 58 10 52 7 26 8 34
March. . e e . 8 07 1 34 5 27 10 46 7 32 8 46
April ¢ . & o o . . 8 12 1 27 5 15 10 34 7 40 8 56
May . . . . .+ o« . T 29 1 21 5 52 10 19 6 57 8 38
June + . . . . . . 7 33 1 20 5 47 10 25 8 26 10 01
July « o . . o . 7 36 1 28 5 52 10 30 9 32 11 02
Auggust . . . . . . 7 18 1 05 5 47 10 10 8§ 40 10 30
September . . . & . 7 30 0 45 5 15 9 58 6 4b 8 47
October . « e o 8 00 1 17 5 17 10 30 5 23 6 53
November . . .. 7 54 1 08 5 14 10 16 6 08 7 52
December . . . . . 8 54 1 40 4 46 10 50 6 17 7027

Summer . . . . . . 7h. 33m. 1h. 8m. 5h. 35m. 10h. 17m. 7h. 43m. 9h. 26m.
Winter . . . . . . 8 24 1 25 b 01 10 40 6 49 8 09
Year . . . . . . . 7 48 1 16 5 28 10 26 7 08 8§ 42

We likewise obtain:
Secondary minimum of eastern deflection in winter 9t 42m P. M. Amount —0’.97

“ maximum of western wou 1 15 A.M. “ o —0.26
Differences : gh- 33m. 0.71
and
Secondary minimum of eastern deflection for the year 102 11m P, M. Amount —0.62
“ maximum of western o o “ 1 13 A M “ —0 .47
Differences : 3h O2m. 0/.15

The effect of the seasons on the critical hours is well marked in the above table.
The eastern elongation occurs earliest between the summer solstice and the autumnal
equinox, and latest about the winter solstice. The western elongation occurs earliest
about the autumnal equinox, and latest about the winter solstice; and the same
holds good for the morning epoch of the mean declination. The afternoon epoch,
however, occurs earliest, shortly after the autumnal equinox, and latest, shortly
after the summer solstice.

The critical hours which vary least during the year are those of the westerr
elongation and those of the morning mean declination. The extreme differenc:
between the value for any month and the mean annual value is 31 minutes in the
former and 28 minutes in the latter.

The fellowing graphical representation of three variables (Diagram G) will servc
to show at a glance the various features of the diurnal variation and its annual
inequality: The magnetic surface is formed by contour lines, 0'.5 apart; the dotted
curves are lines of mean position, the curves represented by dashes correspond to
eastern, and the full curves to western deflection from the normal position. This
diagram, as well as the computed tabular values from which it has been constructed,
serve equally to furnish the correction necessary to reduce any single observation
taken at any hour of the day and month to its mean value. It also enables us in
a measure to dispense with developing the annual variability of the coefficients B,
B, B,...and C, C, C; . ... (or rather the equivalents a, b, @, b, a5 b, . . . . from
which they are derived) in the general expression A + B, sin (§ + C,) + etc. In
most cases either a tabular cr graphical interpolation between the two adjacent
monthly values will fully answer the purpose. The diagram also distinctly exhibits
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A~

the diurnal minima and maxima, the former represented by a valley, the latter by
a ridge in the magnetic surface.

‘The magnitude of the diurnal range is next to be considercd.
11AGRAM BNIOWING THE DEFLECTION (IF MINUTES OF ARC) OF THE NORTH EXD OF THE MAGNET FRoM ITs MoNTHLY NORMAL

PosITION FOR EVERY BOUR OF THE DAY AND MONTH OF THE YEAR, DERIVED FROM THE DECLINOMETER OBSEBRVATIONS
AT PHILADELPHIA BETWEEN 1840 anp 1845.
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The following table contains the amount of the deflection at the eastern and
western clongations and the diurnal amplitude of the declination for each month
of the year, derived from the preceding equations :—

DEFLECTION AT 1 DEFLECTION AT

| Diurnal Diurnal
1 | range. } range.

E. Elong. | W. Elong. j i E. Elong. W. Elong.

i ; i
January . . . .1 —27.46 ‘ +3.52 | 593 CJaly oo L —5.58 +-57.46 117,04
February. . . .| —2.64 +3.11 ’ 5.75 “Augunst . . . .| —5.79 +-6.36 12.15
Mareh. . . . .| —3.73 -+-4.03 7.76 - September . . .| —4.71 +5.60 10.31
April o . . . .1 —402 | 4528 | 930 | October . . . .| —218 | +3.23 5.41
May . .« . . .| —4.89 T +5.16 ‘ 10.05 . November . ., .| —1.92 -+-2.85 4.77
Jone . . . . .| -5.26 | +5.06 | 10.32 - December . o —165 +3.14 4.79

{ !

The diurnal range for the summer months is 10".45, for the winter months 5'.56,
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and for the whole year 7'.89; all corresponding to an epoch removed about one
year and a half from the epoch of a minimum of the solar period.

The numbers expressing the diurnal range exhibit three remarkable features,
viz., the maximum value in the month of August, the sudden falling off in the
months of September and October (see the graphical representation), and the

DioexaL RANGE oF THE DECLINATION.
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minimum value in November or December. Otherwise the progression is regular;
the curve is single-crested, a feature equally true for the eastern as well as for the
western deflection when viewed separately. This latter circumstance is of special
importance, since it is probable that it is mostly by the interference of these two
separate curves that we observe at other stations the curve of the diurnal range
at some stations apparently to be a double-crested one. The curves for Milan,
Munich, Géttingen, Brussels, Greenwich, Dublin, etc., for instance, exhibit two
maxima, one after the vernal equinox, and a second, generally the smaller one,
about the summer solstice, with more or less regularity. The system to which
Philadelphia belongs is exemplified by the annual curve of the diurnal range at
Prague and at some Russian stations, especially at Nertschinsk, but principally at
Toronto, for which last station the curve is shown in the diagram. Neither station
appears to have a tendency to a secondary maximum about the month of April,
leaving the maximum about a month and a half after the summer solstice, a well-
marked North American feature.

Annual Variation of the Declination.—In connection with the preceding discus-
sion the annual inequality in the magnetic declination next claims attention.

This subject presents greater difficulty, inherent in the observations, than the
diurnal inequality; not so much on account of the length of the period as on
account of the difficulty of keaping the instrument in precisely the same condition
of adjustment throughout the year. In the first part of this discussion I have
already had occasion to refer to this circumstance while investigating the annual
effect of the secular change, and it was there shown that the Philadelphia observa-
tions share in this respect the difficulties of those of other stations,! in consequence
of which the results must be received with caution.

! It may be proper to give here, in full, Dr. Lloyd’s instructive note on this subject, in his discus-
sion of the Dublin cbservations: “The determination of the annual variation is much more difficult
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Returning to the last vertical column in the table, headed ¢ mean,” we have
there the monthly values of the declinometer readings (in scale divisions), and in
their differences when compared month for month, the joint effect of the secular
change, and of the annual inequality. To eliminate the effect of the secular
change, we determine its annual amount as follows: Subtracting the mean annual
reading 559.64, corresponding to July 1, from cach monthly mean, and putting
¢ == monthly cffect of the secular change (considered as uniform), each monthly
mean reading furnishes an equation for the determination of », thus: for

January . . . . . 456 =55«
February . . . . . 384 =40«
March . . . . . 522 =35«
April. . . . . . 4.39 = 2.5 «, etc.,

which, when combined by least squares, give x == 1%.227, hence the annual change
1447 or 6.7 of dncreasing westerly declination.! '

Deducting the effect of the secular change, and comparing the monthly remainders
with their mean values, we obtain the annual incquality of the declination as
follows : —

Mean  Reduct’n, Reduced = Annual 3 i Mean | Reduet’n| Reduced | Annual

MONTH. reading. { for sec. | reading. in- | MONTH. | reading. { for sec. | reading. in-
i l change. | equality. | | change. equality.

|
a1 a Fa a | b d. a. d.

Janunary . . .0 564.20 { —G.75 1 H5T.4D +2.2 i July . . . . 560.24 } 40,61 § 560.85 | —1.2
Felrary. . . 562.98 | —5.52 ' 557.46 & +2.2 ! Aungust .1 569.07 | 41.84 1 560,90 | —1.3
Mareh . . . .7 86486 | —4.29 : 560.57 | —0.9 } September . .| 556.07 | +3.07 @ 559.14 0.5
April . . L LD 36303 ¥ —3.07 @ 560.96 1 —1.3 1 October . . .| 55643 | 4+4.29 | 560.72 —1.1
May . . . . BG3.I8 | B61.34 | —1.7 ‘ Novewmber . ; 553.97 | 4-5.52 1 559.49 +0.2
June . . . .0 H60.84 ; § 560,23 | —0.8 i Deecember . E 549.82 | 46.75 | 556.57 +3.1

The sign { — in the annual inequality indicates an { easterly deflection.
+
According to these results the magnet (north end) is deflected to the east of its
mean annual position in summer, and to the west in winter. It is, however,
desirable to test the result by submitting the first and the second 2} years of
observations separately to the same process of investigation. The first 31 months
in the years 1840, "41, and "42, give a result almost identical with that just deduced ;

westerly

than that of the diurnal, both on account of the much smaller frequency of the period, and the diffi-
culty of preserving the instrument in the same unchanged condition during the much longer time, or
of determining and allowing for its changes when they do occur. Accordingly, although the annual
period may be traced in the observations of Gilpin and is decidedly displayed in those of Bowditeh,
it has evaded the researches of recent observers. There is but a faint indication of its existence in
the Gottingen observations, which were made at the hours of 8 A. M. and 1 P. M., and Professor
Gauss and Dr. Goldschmidt find, in their analysis of these observations no important fluctuation
dependent on season. A similar negative result is deduced by Dr. Lamont from the Munich obser-
vations, which were made twelve times in the day.”

! This value (4 6'.7), as resulting from a different combination of observed and partly interpolated
values, may not be preferable to that (4-47.5) deduced in Part I. of this discussion, but must neces-
sarily be employed in the present investigation. The most reliable value, 5.0, was deduced from
independent observations, as already remarked, and lies between the two.
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the remaining 27 months in the years 1843, ’44, and ’45, when discussed in the
same manner, give a rather different result.

Some improvements, however, can be made in the preceding investigation by
omitting the December mean of 1844, which is obviously about 12 scale divisions
too small; the observed value is 535%.2, and the interpolated value 547¢.0. An
examination of the first series shows a defect in the monthly means of 1841, be-
tween May and June, requiring a constant correction of + 8.0 scale divisions for
the remaining months after May, as may be seen by the following table :—

Diff.
Year. May. June. May-June.
1841 . . . 57185 57127 .... Computed value for June, 579.2
1842 . . . H6L8 563.6 —1.8
1843 . . . 566.2 565.0 +1.2
1844 . . . b46.5 541.5 —1.0
1845 . . . 529.7 531.0 —1.3
Mean . . . . —0.7

The following values then remain for the discussion, and they should be con-
sidered as forming the basis from which the legitimate results are to be deduced.
The numbers marked with an asterisk have been increased by 8*.0. Interpolated
values are between brackets, and were obtained by comparing the means of the
remaining months of the year with the corresponding means of every other year;
by this process several values are obtained for each interpolated number; the re-
sulting mean is given in the table. The high value of 1841, and the low value of
1844, for the month of May, in some measure compensate.

YEAR. Jan. Feb. | March.| April. | May. | June. | July. Aug. Sept. Oct. Nov. Dec.

d. d. d. d. 4a, d. d. d. d. d. d. d.
1840 (5R6.9) (585.9)!(586.3)!(586.4)(584.1), 586.9 | 588.4 | 587.4 | 585.2 | 579.9 | 573.9 | 570.5

1841 576.3 | 574.3 | 577.0 | 578.1 | 578.5 !¥579.2 |¥576.7 [*576.9 [*56T71.1 |*575.2 |*564.4 [*567.4
1842 564.1 | 563.3 | 562.0 | 561.9 | 561.8 | 563.6 | 565.2 | 563.8 | 566.7 | 562.7 | 563.5 | 561.6
1843 (566.5)!(565.6):(565.9)1 567.2 | 566.2 | 565.0 | 564.7 | 563.6 | 558.3 | 559.0 | 556.1 | 557.6
1844 558.0 | 558.0 | 557.6 | 555.2 | 546.5 | 547.5 | 547.6 | 546.2 | 542.2 | 545.3 | 547.2 {(547.0)
1845 531.0 | 531.3 | 532.0 | 527.1 529.7 | 531.0 [(529.9)[(529.0){(527.0) (526.2)1(522.7) (522.1)

Means 563.8 563.li563.5 562.6 | 561.1 | 562.2 | 562.1 | 561.2 | 558.4 558.1‘554.6 554.4

560.4

Correction for .
sec. changes }-—4.4 —36| —28{ 20| —1.2} 04| +04 | +1.2 | 42.0 | +2.8} +43.6 | +4.4

C‘;f:;‘;d }559.4‘ 559.5 | 560.7 | 560.6 | 559.9 | 561.8 | 562.5 | 562.4 | 560.4 | 560.9 | 558.2 | 558.8

Annual va- Y410 409 | —0.3 | —0.2 | +0.5 | —1.4 | =21 | —2.0 | —0.0 | —0.5 | +2.2 | +1.6

(in arc) +0"5i+0/'4 —0.1| —0%.1 | 4012 | —0.6 | —1.0 | —0%.9 | —0%.0 | —0%.2 | 4-0.9 | 407

This last result accords in general with that before deduced, but is much to
be preferred.

From June to October the north end of the magnet is accordingly to the eastward
of the mean annual position (after the elimination of the secular change), and in
the remaining months of the year it is to the westward of this position. ¥rom
the vernal equinox till after the summer solstice the motion is to the eastward or
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retrograde in regard to the advance of the secular change (to the westward); this
is in conformity with the law as given by Dr. Lloyd in the Dublin discussion, where
the motion of the magnet is to the westward at this period of the year, or the
reverse of the Philadelphia deflection, but the secular change is likewise reversed,
the west declination diminishing at Dublin (at the same time or more accurately
between 1840 and *43).

For further comparison I give here the results deduced from seven years’ obser-
vation at Toronto between the years 1845 and ’51, a previous working up of a
three years’ serics (middle year 1846) not being deemed sufficiently distinctive in
its results. The secular change is here 2'.0 per annum, increasing westerly declina-
tion, whereas it was 4'.4 per annum at Philadelphia in 1843; as in the above
result + indicates west, — east deflection.

ANNUAL VARIATION AT TORONTO BETWEEN 1845 AND 1851,

1 N i | } i

Jan. | Feb [March. April. [ May. l June. July. Aug. Sept. Oct. Nov. Dec.
i
H

—0.2 0.0 | —0.1 | —0.5 | —0.8 | —0.2 +0.7 | +1.0 | 0.3 | 0.3

0.1 L —0%5
i

In regard to the amount of the inequality, the two stations agree remarkably
well, the range remaining slightly below 2’ of arc. It has been supposed that this
range at the same station is increasing or diminishing as the secular change increases
or diminishes.

It may further be remarked that the general mean resulting from the above
discussion at Philadelphia, viz., 560.4, is identical with the value given in Part 1.
of the discussion, there deduced by an entirely different combination. The annual
cffect of the secular change, + 4'.4, is likewise in very close conformity with the
value given in Part 1., as found by a very different process.

The monthly values of the annual variation may serve to give the corrections
to observed declinations in any month of the year needed to refer the same to the
mean declination of the year, and may also be used in the more refined discussion
of the sccular change, in both cases, only, when the greatest accuracy is required.
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INVESTIGATION

GF THE

INFLUENCE OF THE MOON ON THE MAGNETIC DECLINATION.

THE existence of a sensible lunar effect on the magnetic declination has already
been established by the labors of Broun, Kreil, Sabine, and others. It is never-
theless important to add the weight of new numerical results to those already
obtained.

In the discussions of the Philadelphia observations of magnetic declination,
already presented to the Association, I have shown how the influence of magnetic
disturbances, of the eleven year period of the solar diurnal variation and its annual
inequality, of the secular change, and of the annual variation may be severally
eliminated, leaving residuals from which the lunar influence is to be studied. Each
observation was marked with its corresponding lunar hour and the hourly normals
used for comparison.

This method of treatment of the subject is that followed by General Sabine in
his discussion of the results of the British observations.!

The details of the method will be better understood by an example

The time of the moon’s passage over the meridian of Philadelphia (upper transit)
was obtained from the American Almanac, the small correction for the difference

* In reference to methods and results, in general, on this subject, the following papers may be consulted :
Observations in Magnetism and Meteorology made at Makerstown, in Scotland, in the observatory of
General Sir Thomas M. Brisbane, Bart., in 1845 and 1846, forming vol. xix., part i. of the Trans. Royal
Society of Edinburgh. By John Allan Broun. Edinburgh, 1849; also vol. xix. part ii,, containing
the general results (1850).

Einfluss des Mondes auf die magnetische Declination by Carl Kreil. Vol. iil. of the Proceedings of
the Mathematical and Physical Section of the Imperial Academy of Sciences of Vienna, 1852; also,
vol. v., ibid., 1853.

Philosophical Trans. Royal Society, art. xix., 1853: On the Influence of the Moon on the Magnetic
Declination at Toronto, St. Helena, and Hobarton. By Col. E. Sabine.

Phil. Trans. Royal Society, art. xxii., 1856: On the Lunar-diurnal Magnetie Variation at Toronto.
By Major General E. Sabine. And—

Phil. Trans. Royal Society, art. i., 1857: On the evidence of the Existence of the Decennial Inequality
in the Solar-diurnal Magnetic Variations and its Non-existence in the Lunar-diurnal Variation, of the
Declination at Hobarton. By Major General E. Sabine,

1



2 LUNAR EFFECT

of longitude being neglected. The observation nearest to the local mean solar
time of the moon’s transit was marked with a zero, signifying 0™ of lunar time.
The time of the inferior transit was next obtained; and the observation nearest to
it in time was marked 12", The greatest difference in interval between the moon’s
transit and the time of observation could in no instance exceed half an hour. In
the bi-hourly series, the observations nearest the moon’s transit, or to either hour
angle. one hour before or one hour after the transit was marked. The mean of
a number of differences for the same hours thus gave a result corresponding
nearly enough with the hour. The number of observations intermediate between
those marked 0 and 12% were marked with the corresponding hour angle by
mterpolation, care being taken to note the nearest full hour against each observation
m the bi-hourly series.  The hourly series begins with October, 1843. In the case
of thirteen observations within twelve lunar hours, the one nearest midway between
the two consecutive lunar hours was omitted.

Iu the month of Marel, 1842, which is selected as an example of the details of
working the bi-hourly series, the number of pbservations available is 298, of which
145 correspond to western and 150 to eastern hour angles. In the abstract which
follows + Indicates a deviation of the north end of the magnet to the west, and
— a deviation to the cast of the respective normal position for the hour. The
hourly normals are given in the first part of the discussion. No difference exceeds
eight divisions, this being the limit in number indicated by the criterion,
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! LUNAR EFFECT

If divided into western and castern hour-angles, the annual numbers stand as
{ -
follows —

Western hour-angles. Eastern hour-angles.

[%40 . . 916 909
It . . . 1523 1552
x4 o 1618 1639
1845 . .o 1T2d 73
istd , . 3288 333
INgh . . 1700 1707

S . 10764 L0875

The preceding mean results will be found inserted in their proper place in the
following abstract of the mean monthly values for eaclh observing month between
1540 and 1240,

Proceeding in this way the following results are obtained for the different
wonths discussed.

D7 Upper transi Moon’s hour-angle.
i i HE A O aah Oh [ The oo &b Qw00 11k
d. oA A
—1.12 41.60 0 —0.02 40,55
021 4-0.47 40,575
0% 088 4-0.75
40040 0,08 +1.53

0T 063 LG8 —3.01
—1.44 2,03 —0.08 —1.01
—1.00 4101 —0.81 ) 41,24

Novewber:

Drecember

27 Lower transii

Taten AR 1 b 150 gk, 17k 1sh 14 2k 21h. 29k 923h.

. i i [iN a.

P4 ld 2100 0072 4008
32 w171 4103 4015 —0.18
—0h =110 0,03 4005 —2.8]
+2.05 4054 1028 061 —0.01
+1.18 =119 40,63 (
—s2 040 1 .01
—1.82 —0.06. —0.70

4, i it d.
L0 =230 (LR
41000 ~1.3% 0,03
—1.30 0 —1.27  —0.50
—0. 61 (.23 40,20
—(LO8 —0.40 - 040 1 41,51 - F1.05
4100 4088 F0.57 0 0014 40018
+1.21: 4-0.63 - 4-0.86 | 4-0.64 +1.48

September?
Octobor
November?

Decewber

" The tabular values for this month are expressed in parts of the new or observatory seale, the quanti-
tices having been converted from parts of the old or college seale into parts of the new scale.

* The tabular numbers refer to the new seale, the values for the first eighteen days of the month having
been converted as above,

* Attention was paid to the halfmonthly normals for the hour 8b 191w (mean observatory time).

* The index correction, on and after the twenty-third day of the mounth, was applied before the
difficrences were taken.



ON THE MAGNETIC DECLINATION. 5
D’s Upper transit. Moon’s hour-angle.
i i
1841, oh. 1h. 9h. 3h. 4 | bh 6h. ! 7h. gh. | 9n ’ j0h. | 11h
d. d. 4. d d. d. d. a. d. d. 4. a.
January | +0.86 ) —1.07 | 4-0.54 | 4-1.39 | 4-0.50 | —2.01 | 4-0.89 | —0.11 | —1.52 | 4-0.48 | —0.12 | —1.10
February | +1.48 | —2.17 | +1.12 | 40.49 | 4-0.49 | 4-0.10 | —0.10 | —0.57 | —0.38 | +0.32 | 4-0.92 | 4-1.40
March 41,67 | 4-0.82 | --0.64 | 41.00 | 4-0.61 | 4-0.40 | —0.39 | —1.07 | —1.21 | $-0.69 | —0.65 | —0.91
April 157 | 4101 | 40.45 | 4-0.97 | 40.20 | 4-0.12 | 4-0.39 | +-1.40 { —0.27 | —1.52 | 4-0.48 | —1.43
May +0.19 | 4211 | 40.69 | 41.94 | —0.05 | 4+0.92 | —0.39 | —0.60 | —0.73 | —0.20 | —0.54 | 4-1.21
June —0.56 | 4-1.77 | +0.07 | 4-0.45 | 4-2.18 | +-1.25 | —1.15 | —0.59 | —2.40 | ~1.13 | —0.42 | —1.24
July +0.84 | +1.86 | +0.46 | —1.06 | —0.62 | —1.52 | —0.80 | —0.55 | —0.88 | —1.71 | —0.24 | 4-1.63
August $1.95 | 4-1.81 | +1.73 | 4+1.42 | —1.17 | ~1.46 | —1.48 | —1.39 | —2.06 | —2.24 | —1.72 | --0.60
September | 4-1.05 | 4+-0.10 | —0.45 | —0.17 | —3.50 | —0.54 | —0.55 | —0.83 | —1.47 : 4-0.86 | -1.29 | 4-0.03
October! —1.15 | 4-0.26 | —0.77 | —0.06 | —1.31 | —0.82 | —0.66 | —0.61 | —1.73 ; 4-1.73 | +0.22 | 4-1.09
November | 40.01 | —0.08 | 4-0.02 | 4-0.54 | 4-0.23 | —1.08 | +1.54 | 4-0.52 | 4-1.39 | +0.02 | —0.24 | —0.06
December | —0.41 { +0.10 | 4-0.45 | —0.71 | —0.94 | 4-0.55 | —0.51 | 4-1.09 | 4-0.62 | —0.47 | +-0.48 | 4-0.08
i
D’s Lower transit.
1641, 12e. | 13h | 14n | 15h | 16h | 17a. | 18h | 19 | 20b. | 21k | 22b | 23k
d. 4. 4. d. 4. d. d. d. a d. d d.
January +1.33 | 4-0.57 | —0.04 | —0.51 | —0.50 | 4-0.21 | 4-0.25 | —~2.10 | —0.21 | —1.32 | —0.07 0.00
February | —0.03 | —1.30 | —0.78 | —0.30 | —1.23 | —2.01 | —1.12 | —-1.08 | 4-0.60 | +1.30 | 4-0.56 | 4-1.07
March +40.15 | 4-0.18 | 4+-1.05 ;| 4-0.23 | ~0.15 | —0.59 | —0.23 | —0.93 | —0.47 | —0.98 | +-1.89 0.35
April +1.35 | —1.05 | -—0.09 | 4+-0.90 | —0.02 | —1.13 | —0.32 | —1.67 | —0.89 | —0.13 | —0.63 | 4-0.02
May ¢ +0.42 [ 4+1.44 | 4+0.56 | 4-0.24 | —1.21 | —0.89 | —2.64 | —0.85 | —2.20 | —1.09 | 4-0.96 | -}-0.90
June +40.11 | ~1.42 | —0.13 | 4-0.67 | 41.18 | —0.53 | 4-0.62 | —1.14 | 41.79 | +0.01 { —0.22 | 4-0.80
July +1.26 | 41.50 | +1.09 | 4-1.76 | -1-0.32 | 4-0.45 | —0.80 | 4-0.01 | —0.95 | 4-0.27 | —0.87 | +0.44
August 4-2.98 | 40.51 | 4-1.97 | 1-1.19 | 4-0.62 | —1.81 | —0.50 | —1.07 | ~—0.59 | 41.66 | 4-0.06 | 4-1.20
September | 4-0.37 | 4-0.41 | 4-1.21 | 4-0.95 | —1.66 | —0.44 | —0.25 | —0.45 | 4-0.45 | 4-0.19 | 4+-0.85 | +0.44
October! | —1.73 | 4+1.04 | 4-0.76 | 4-0.34 | 4-0.18 | +-1.60 | 4+0.97 | +3.14 | 4+1.30 | +3.10 | —0.61 | —1.54
November |--1.01 | 4-0.03 | —1.20 | —0.30 | —1.89 | —1.83 | —0.72 | —0.49 | 4-0.50 | —1.89 | t4-0.79 | ‘ —0.27
December | -0.73 | —0.59 | 4-0.80 | —0.49 | 4+0.71 | —0.92 | —0.67 | —1.27 | 4-0.12 | 4-1.21 s +1. 76 | ‘ +-0.83
2’s Upper transit. Moon’s hour-angle.
1842, Ob. 1k, 9. 3h. 4h. 5h. 6h. 7h. gh , 9h 108 | 11k
d. 4. a. 4. d. 4. d. d. 4. a. d. 4.
January | —0.30 | 4-0.64 | —0.53 | 4-0.02 | 4-0.66 | —0.61 | 4-0.14 | ~—1.48 | +-0.44 | —1.20 | 4-0.26 | —1.84
February |-—0.73{4-0.88|-40.36 | —0.13 | —0.83 | +0.67 | 40.18 | —1.80 | —0.92 | —0.73 | —0.27 | 4-0.04
March 40.72 | 4-0.38 | 4-1.78 | 4-0.30 | 4-1.85 | —1.15 | —0.53 | —2.15 | —0.05 | —0.29 | 4-0.46 | —0.84
April 2077 | 40.92 | 4-0.53 | 4-0.37 | —0.07 | —0.39 | —0.20 | —1.65 | 4-0.27 | —0.42 | +1.21 | 4-0.10
May —0.57 | 4-1.78 | 4-0.01 | —0.16 | 4-0.18 | —1.01 | —1.41 | —0.97 [ —0.92 | +-0.08 | —0.43 | 4-0.42
June --0.38 | 4-0.69 | —0.95 | 4~1.64 | —0.18 | 4-0.77 | —0.25 | —0.32 | 4-0.76 | 4-1.18 | 4-0.38 | —0.74
July 30.78 | 4016 | 4-0.69 | —0.07 | 40.60 | —0.76 | —2.08 | 4-0.08 | —1.65 | 40.87 | —1.04 | 43.03
August 4-0.88 | 4-0.82 | —0.08 | —1,03 | 4-1.17 | —0.91 | —0.95 | 4-0.67 | 4+0.72 | —1.24 | —0.17 | +1.65
September | 4-0.71 { —0.52 | —0,13 | —0.95 | 4-0.67 | 4+-0.96 | —0.82 | 4-0.34 | 4-0.82 | +-0.35 | +0.62 | 41.36
October -4-3.46 | 4-0.38 | 4-0.77 : —0.29 | 4-0.06 | 4-0.02 | —0.25 | —2.21 | —0.98 | —1.39 | 4+0.52 | —1.09
November | —0,05 | 4-0.38 | —1.07 | —0.48 | —0.36 | ~~1.10 | ——0.53 | 4-0.43 | —0.95 | 4-0.54 | 4-0.14 | 4-0.29
December | —0.59 | —0.36 | —0.34 | —1.15 | —0.75 | 4-0.26 | —0.57 | +-0.24 | 4-0.39 +y4 +4-0.87 | 4-0.16
2’s Lower transit.
1842, 12n | 13h. | 14h. t i5h. | 16h. | 17h. | 1sh. | 19h | 20h. ] 21k | 296 | o3
d. d. 4. d. a. 4. 4 d. 4. d. d. 4.
January | —0.18 | —1.19 | —0.11 | —2.13 | 4+0.17 | —0.61 | 4-0.45 | +1.05 | +-0.72 | 4-0.66 | —0.12 | 4-0.62
February | —0.91|4-0.71 | 40.52 | -4-0.40 | —0.97 | —0.86 | —1.11 | 4-0.44 | —0.12 | 4-0.14 +4-0.08 | 4-0.84
March +1.22 | 4-0.20 | +1.25 | 4-0.88 | 4-0.44 | —0.34 | —0.92 | —1.43 | 4-0.47 ; —0.39 | 4-0.03 | —0.35
April +3.28 | —0.86 | 4-0.13 | —0.12 | —1.05 | —~1.34 | —1.36 | +0.15 | —1.22 | 4-0.19 | —0.94 | 4-1.11
May +1.13 | 41.78 | 4-1.59 | 4-1.10 | —0.59 | —0.52 | —0.68 | —1.47 | —1.05 | 4-0.15 | —0.70 | 4-1.01
June 40.20 | —0.82 | 4-1.45 | 40.33 | 4-1.73 | —1.19 | 4-0.05 | —1.36 | —1.04 | —1.43 | ~1.35 | —1.37
July —0.32 | 4-1.84 | —0.86 | —0.72 | 4-0.59 | ~0.95 | —0.27 | 4-0.03 | —1.22 | 4-0.09 | —0.58 | 4-0.68
August —0.68 | 42.50 | —1.34 | 4-0.59 | —1.41 | —0.67 | —0.79 | —0.58 | ~0.96 | —0.26 | 4-1.68 ; 4-0.81
September | 4-0.46 | 4-1.11 | —1.94 | 4-0.25 | +-0.99 | —0.45 | —1.64 | 40.10 | —1.70 | +-2.14 | 4-1.50 | 4-0.96
October +1.31 | 4-1.68 | —0.62 | 4-0.74 | —1.87 | —0.14 | 4+1.08 | 4-0.43 | —0.16 | —0.25 | 4-0.71 | —0.56
November | 4-0.47 | 4-0.40 | 4-0.91 { —1.13 | 4-0.02 | --0.11 | —0.22 | —1.46 | 4-0.05 | 4-0.68 | 4-0.94 | 4-1.58
December | <4-0.53 | 4+0.35 | 4-0.12 | —0.45 | —1.12 | 4-0.15 | +0.35 | 4-0.54 i +-0.40 i 40.57 | 4+0.21 | 4-0.07

* At 14h 194m- (observatory time) the difference from the half-monthly normals was used.
2
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41.06

: —0.64 |

|

s Upper transit. Moon’s hour-angle.
gt (s 7 9. 3. 4h. ph. | 6l ! ! | &h. ! 9h. g 10h. 11h
@ o d. T T A ‘ d. a. d. d. d.
April FOST 1T 166 038 —0.42 0 —1.30 | —2.64 | —1.72 | —1.99 | —0.12 | —1.63 | —0.48
Muy G4 O LA 05 02T 4038 40.23 102 —0.79 | —1.01 | 40.47 | 41.08
June D013 Ll ES 08— 8] 0,67 L -1.21 [—0.31 | 4-0.83 1 40.16 | 40.61 | —0.10 | 41.30
July IO 0l 071 065 0,69 L 40.54 | —0.62 | $0.56 | —0.39 | —2.29 | +1.05 | —0.16
August? 156 1 —o.81 208 1 1.7 . —1.12 | 4-0. 32 b —1.24 | 4-0.206 | —0.22 | —0.69 | 4-0.46
September | — .51 4-(! 260 —,58  —LEH 223 | —0.30 i +1.74 1 —0.74 | 4-0.837 | —0.42 | 4-0.58
October® | 41.05 [ 4014 420,98 40.17 —0.93 | 4-0.10 | —0.52 | —1.16 | 4-0.27 | 4-0.33 | 4-0.33
Novemher | 4052 | 4016 —0.72 0 —0,47 —0.84 | —0.57 | —0.72 | —0.02 | 4+0.23 | —0.17 | +-0.72
December  —0.41 § —02d .62 —1.15 —0.41 | 4-0.07 | 40.08 | +0.39 | +0.99 | 4+1.09 | 41.28
R o i x
P’s Liower transit
TSR B G 1 P, KR § ) 16t | 17h. ¢ 18k ¢ 19k | 20n. ,  21h | 226 | 23n.
Lo d. d d R H Y T D N R N 4 |
April C LT +1 02 4-0.72 4053 +n 05 ' —=1.10 - ——1.05 . —0.22 ° —1.06 | —0.56 : +1 58
May J { —1.01 | —1.03  —1.483  —,27 | —0.52 —0.49 | L4070 +0 08
June 1 5 — (199 ﬁ—o.m —.63 +o.(,u 10,38 —0.22 | 40.74 1 —0.20
Juiy i 5 i —0.43 1 =110 —2.00 { —1.05 | (.20 | —0.06 | —0.54 | \ +1.73
Auzust? 00T —050 077 —1.85 i 40.01 | —=1.00  41.37  —0.92 40741 4-0.49 | 4006
Septewber 165 0 41,85 40,7 4115 | —0.29  —0.86 | +1.08  40.65  —0.37 | —0.90 | | —0.78
October® 676 . 4-1.50  41.80 —0.71  —0.92 —1.76 : —0.50 | —0.08 ; 4-0.50 | —0.37 -0 18
November | -p0Lt7 | 0,40 - —0.83 —0.54 7 4-0.04 —0.24  4-0.17 ; +-1.06 - +1.00 | 4+-0.27 [ +0.5¢
December | 40.85 - 40.51 1 40.60 +0.28 —1.14 —0.59 | —0.74 | —0.46 | 40.46 | 4-0.24 | —0. 49
! : ! : : i
2% Upper transit. Mooun’s hour-angle.
1a44 b, 1n an Q. | 4 | B | gh k Th. 5 gh. | 9n 10h. 11h.
. . . U o oa b oa ] oa 4. d.
January! 070 —018 (026 0 40,07 £0.20 -}-H 04 140,58 P 019 1 40,22 1 40,37 | —0.46 | +-0.43
Felbruary 4140 08T 0007 —052 0 069 | —0,82 1 — 006 . —0.74 | —0.29 | 40,77 | +1.03 | 40.96
Mareh SLI0 106 042 00 T2 05D 0,60 | —0.16 | 1,18 | 4005 | 40.93 | —0.02
April 5 R O08 028 004 000 | 085 —0.49 | 012 | —0.55 | —0.41 | 40,16 | —0.04
May D078 LT R 8R 0.27 40002 —0.49 , —0.18 | —0.60 | —0.35 | —0.10 | 4-0.14 | 4-0.27
June T D Aeeu6s .07 D 4044 009 ) —0.64 1 —0.24 | —1.33 | —1.58 | —1.47 | —0.40 | 4-0.22
July P H1.00 01197 078 0,07 20,18 | —0.78 | 1,05 | —1.77 | —0.17 | —0.18 | 4-0.68 | 4-0.37
Angust 230 140,93 4019 —0.14 | —0.16 | —1.55 | —0.78 | —0.69 | —0.38 | —0.66 | 40.45 | 4-0.45
September 113 1147 —0.21 | —0.05 | —0.61 { —1.15 | —0.31 | 41.05 | 41.10 | —0.18 | 4-0.12 | —0.34
October 1 —0.22 1 40,421 —0,02 1 40,22 | —0.41 | —0.59 | —0.78 | 4-0.38 —0 02| +1.04 | 4+1.10 | 4-1.01
November ~ —(,01 | 1,12 w071+ .57 | —0.76 | 40,03 | —0.01 | 40,45 | —0.77 | 40,06 | 40.62 | £2.57
December® | —0,26 | —0.74 1 —0.21 | —0.44 : —1.14 | —0.33 ‘i —0.41 ; —0.18 +0 14 } +4-0.33 | 4-0.36 | 4-0.60
: i : | i
I) s Lower-transit,
1844, 19k | 18k 14b. 15k : 16h. 1 17m 1 18h. ] 19nh. , 20h. ! 21b. | 22h | 28h
LA A, 4. éd‘d."d.‘xd.ld!dyd,ld
Januaryt - 4032 - 4010 4031 —U 00 D061 1 —0.17 0 4-0.84 1 4-0.95  4-0.32 | —0.10 | —0.80  —0.48
February 4044 000 4054 y o —1.10  —0.49 | —1.13 §—0.39 | —0.02 ' —0.05 | —0.02 | 4-0.84
March 41.32% 0 052 —0.50 —0.21 | —0.68 | —1.60 | —0.50 ; —0.31 | —0.48 { 4-0.35 :—0.10
April 0T R 0.T0 0 0087 —0.22 ° —0.54 | —0.50 | 4-0.05 | —0.66 : —0.42 1 —0.02 :—1.63
May +0.46 40,09 . 4-0.74 " +0.62 - 40.06 , —0.19 1 —1.10 1 —0.85 | —1.17 | 4-0.30 : 4-0.06
June Ph0.19 1 40,48 —0.30 0,01 40,35 1 40.31* 40.20 1 40.25 | 40.20 | +0.11| ~ 0.00
July I 4-1.27 - 4-0.36 4-0.46 | Pee(.51  —0.70 1 —1.03 | —0.13 1 —0.31 { —~—0.57 | —0. 12 4-0.78
August |+ 050 [ <022 40.84 P09 —0.77 | —1.06 | —0.75 | —0.34 | —0.14 | —0.43 | +9.76
September | 0,25 | 4004 10.73 [ —0.03 —1.20 ' —1.89 | —1.27 | —1.33 | —0.62 | 4-0.13 | 4-1.15
Oc¢toher 4056 0 41,19 4078 000 —0.36 0 —0.32 0 —0.03 —0.83 1 —0.58 1‘ —1.55 | -+0.06 | 4-0.06
November | 40,36 1 -1.09 4067 304005 1 40,40 0 40,07 0 —0.77 . —0,68 | 4-0.41 | 4-0.15 | —0.11
December? +0.48 | +0.64 2. —0.12

. 224 0.23 | +o 26 | 0. es‘-q-o 17 0.42
|

1

2

8

4

 The half-monthly normals were used.

There are no observations in January, February, and March, of this year.

Attention was paid to the shifting of the zero of the scale between the 9th and 10th.
Commencement of the hourly series of observations.
Proper attention was paid to the change in the zero of divisions after the 10th.
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D’s Upper transit. Moon’s hour-angle. ,
1545, ‘ ob. | 1h | 2. | 3n 4h. Bh. 6h. | h, gh. { on. | 10n. ‘ 11h.
o | a4 | & | a d. 4. a. d. a | a ’ d. d.
January | —0.46 | —1.65 | —1.52 | —1.65 | —1:63 | —0.24 | -0.11 | +1.41 | 4+0.96 | +1:83 | 4-0.91 | 4111
February |—0.13 | 40.48 | —0.26 | —1.15 | —0.56 | —0.81 | —0.39 | —0.28 +o.18§+1.03'+0.9s 41.28
March —0.42 | —0.47 | —0.26 | —0.48 | —0.25 | —0.75 | —0.81 | —0.25 | 4-0.20 | 4-0.39 | 4-0.79 | 40.91
April 40.45 4054 | 4-0.07 | 4-0.52 | —0.21 | —0.47 | —0.27 | —0.07 | —0.25 | —0.03 | 4-0.27 | 41.08
May 10,53 | 4-0.49 | 4-0.01 | +-0.16 | —0.21 | —0.22 | —0.66 | —0.25 —0.88 | 4-0.04 | 4+0.92 | 4-0.43
June +1.77 : +1.63 | 4+0.90 | +1.24 | 4-0.86 | 4+-0.54 | —0.66 | —1.03 —0.75]——0.93|——-0.S3 —0.31
; i i |
D’s Lower transit.
1845 1on | 13n. | 14h. | 15h § i6h. | 17h. f 18h. , 195 | 90n | 21n l 99n. | 923n.
d. 4. ; a. d | 4 a. ; 4 | a 4 d. ! 4. 4.
January +0.02 | —0.28 | —1.07 | —0.60 : —0.30 | 4-0.14 | 4+1.09 | 40.29 | +0.86 | +0.34 i 4+0.39 | 4-0.38
February +1.70 | 4-0.67 —0.13 | 40.40 ;| 4+0.03 | —0.76 f —0.92 { —1.26 | —0.46 | 40.17 ! 0,05 | —0.09
March -41.15 } 4-0.95 { +1.79 | +0.35 | 4-0.86 | —0.08 | —0.83 | —1.27 | —0.56 | 4+0.37 | —0.39 | —0.73
April 40.54 | 40.56 | 0.00 | 40.76 | 4-1.01 | —0.30 | —1.00 —1.67 | —1.62 | —0.97 | 4+0.37 | —0.78
May +0.53 | 4-0.03 i —0.63 | —0.01 | —0.24 | —0.48 | —0.70 | —0.30 | —0.40 | —0.53 j +1.16 | 40.63
June +4-0.01 | 40.86 I +0.30 | 4+0.18 { —0.33 | —1.27 ( —0.82 ‘ —0.59 | —0.92 | 4-0.05 | +0.74 | 4-0.64

Value of a scale division 0/.453.

One of the first questions to determine is how many of these residuals must be
used to give a definite result, and another one is whether numbers deduced from
different parts of the series would give harmonious results. To test both of these
the observations were formed into three groups—one containing 4,900 in 19 months
of 1840, ’41; another, 6,715 results in 21 months of 1842,°43; and a third, 10,029
results in 18 months of 1844, ’45. 1In all, 21,644 results.

The following table contains the result for each group. Group 1I includes three
months of the hourly series of observations treated as if only equal in weight to
the bi-hourly series.

The sign I indicates the algebraic sum of the values in the preceding tables for
the months comprised in each group, and for every hour-angle of the moon. The
lines headed I, II, III, contain the preceding values divided by their respective
number of months and expressed in minutes of arc, or the lunar diurnal variation.

2’8 Upper transit. Moon’s hour-angle.
Oh. 1h. oh. gh. 4h. 5h. €h. l 7h. ‘ gh. gh. 1 10b. 11h.
d. d. a. d a. d. 4 } a. a. a Ia d.
3 of group I|410.27; 4-8.07 | 47.52 |4+11.17| —4.32 | —1.46 |— 7.06|— 5.49 —14.63| —1.6] | —1.70 |4+ 0.30
: « I 59 +7.35 | —0.23 |— 2.38| 4-0.87 | —5.95 |—10.90/—10.83 — 6.35| —2.78 4248 |4+ 7.65
96] +6.93 | +1.77 |— 0.53| —5.91 | ——7.48 |— 7.60’—— 4,05 | — 2.01] 4-2.00 | 4-7.77 1--10.98

)
T« 4 7.
+

1 07,24 4-0/,19] 4-07.18] 4-0/.27| —0/.10] —0'.04 -—O’.lﬂ —0/.13 —0/.35 -——0’.04t —0/.04 4-07.01
11 +0.14 | 4-0.16 | 4-0.00 | —0.05 | 4-0.02 | —0.13 | —0.24 | —0.23 | —0.14 | —0.06 | 4-0.05 | 4-0.16
I +40.20 | 4-0.17 | 4-0.05 | —0.02 | —0.15 | —0.19 | —0.20 | —0.10 | —0.05 | 4-0.05 I +0.20 | 4-0.28

D’ Lower transit. Moon’s hour-angle.

12h. 13h. 14k. 15h. 16h. 17h 18h. i 19h. 20h. 21h. ’ 29h. 93h.

i

d d. d. a. 4. d. a | a a. i | a 4.
s of group 141191 — 2.18| 4-4.54 | 4-6.00 | —7.22 |— 3.54|— 9.43 —8.71 | —0.71 | 4+3.14 | 41.58 | 4-7.60
b

« " 1114-13.46 416,15 | +4.52 | 43.86 | —6.64 |—11.24|—14.67{ —4.68 | —6.90 | 4-2.79 j+l.53 +8.73
p> “ I1114-10.98 |4+ 8.22| 4-5.96 | 4-0.24 | —1.66 |— 7.45 (— 9.61{-—9.02 —1.35 -—3.38*-{—1.90 +4-1.80

1 +0.29| —02.05] 4-0/.11| 4-07.14] —0/.17| —0.09} —0/.23 —07.21) —0'.04 +0’.08'f ~-0.04 | -4-0'.18
11 40.29 | 4-0.35 | 4-0.10 | +0.08 | —0.14 | —0.24 | —0.32 | —0.10 | ——0.14 —+0.06 | 4-0.03 | 4-0.19
I +4-0.28 | 4-0.21 | 4-0.15 0.00 | —0.04 | —0.19 | —0.24 | —0.23 | —0.19 | —0.08 ! +4-0.05 ; 4-0.05

1

+ indicates west, — east, deflection from the normal position.
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These results, 1, II, IIT, when expressed analytically by means of Bessel’s form
of periodic functions, and when treated by the method of least squares, are repre-
sented by the following equations, in which the moon’s hour-angle 6 is reckoned
from the upper transit westwards at the rate of 15° to each hour. Ag represents
the lunar diurnal variation.

Group I, 184041, A ¢ = +07.008 4 0.063 sin. (5 + 92°) 4 07.189 sin. (20 + 67°)
T, 18422480 o = —07.006 4 07,030 sin. (8 4 263°) - 0'.282 sin. (26 + 63°)
“OIT, 18442740, A = 07000 4 0°.075 sin. (0 + 292°) + 07.219 sin. (20 + 88°)

The numerical results from these equations are presented graphically on the
following diagram.

Ly AR-DIvRNAL VARIATION OoF THE MAGNETIC DECLINATION.
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t.C. L. C. U. C.
from 4,900 observations in 1840, '41.
from 6,715 observations in 1842, ’43.
............. from 10,029 observations in 1844, ’45.

The curves all agree in their distinetive characters, and show two east and two
west deflections in a lunar day, the maxima W. and E. occurring about the upper
and lower culminations, and the minima at the intermediate six hours. The total
range hardly reaches 0.5, These results agree generally with those obtained for
Toronto and Prague.

From 8,000 to 10,000 observations seem to be required to bring out the results
satisfactorily, and the best results are derived from the use of all the groups.

The following table contains annual sums of deflections for each hour, and the
resulting lunar-diurnal variation from the 21,644 observations available for the
purpose :—
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Upper curve. ‘Westerly hour-angles.

YEAR. Oh. 1h. 2h. | 8h | 4h. | Bh. 6h. ‘ 7h. gh, oh. | 10b. | 11h.

d. d. d. d. d. d. d. 4. d. d. d. d.

s for 1840 4177 | 42.05 | +2.57 |4-4.97|—0.94 -+2.63 |—3.8 ‘;—2.18 —3.99 |+1.56|—0.76|—0.40
« 1841 +4-8.50 | +6.02 | 4-4.95 |-+6.20 |—3.38 |—4.09 |—3.21 |—3.31 |—10.64|—3.17 [—0.94 |4+0.70
“ 1842 +3.92 | 46.15 | +1.04 |—1.93|4-2.50|—3.25 | —7.27 | —8.83| —2.07 |—1.61 |-+-2.55 +-2.54
“ 1843 (a) | +1.51 | 4+-1.14 | —0.19 |4+1.00 |+0.08 |—0.52 | —3.32 ' —0.85 | —3.49 |—2.66|~1.32|4-2.78
“ 1843 (b) | 41.16 | 4-0.06 | —1.08 |—1.45|—1.71|—2.18|—0,31 |—1.16| —0.79 |+1.49 |4-1.25 |4+2.33

« 1844 46.22 | +5.91 | +2.83 |-40.83| —3.91 |—5.53 | —4.92 \—3.52| —1.47 [—0.33 |-+-4.73|4-6.48
« 1845 4174 | 41.02 | —1.06 |—1.36|—2.00|—1.95 |—2.68 —0.53 | —0.54 |4-2.33|4+3.04|4-4.50
Mean % 4-0.43 | 40.37 | 4-0.12 {4-0.08|—0,21 |—0.31 |—0.42 |_0.32| —0.33 +0.01|4-0.23 40.41

Same in are 40219 | 4-0.17 | 40.05 {+0.04{—0.10—0.14,—0.19 :—0.14 —0.15 {-4-0.01{+40.10,4-0.19

Lower curve. Easterly hour-angles.

YEAR. 12h. 13h. 14h. 15h. 16h. 17k, 18h. 19h. 20h. 21}1.; 29h. 235, | Mos.

d. d. d. d. d. d. d. d. d. d. d, d.

x for 1840 +4.66 | —3.50 | —0.66 |4+1.32/—3.57 -}-3.85 —4.021—0.81 | —0.16 |4-0.81|—2.89|+3.36; 7
“ 1841 +7.25 | 41.32 | 4+5.20 |4-4.68.—3.65|—7.39|—5.41 —7.90 | —0.55 |+2.33 +-4.47 |--4.24| 12
“ 1842 +4-6.51 | 4-7.70 | 4+1.10 |—0.26|—3.07 |—6.81{—5.06 —3.56 | —5.83 |+2.2914-1.46 4-5.40] 12
“ 1843 (a) ; +4.69 | 4-5.99 | +1.85 |+3.22|—2.60 | —2.41 |—7.02/4-0.15| —1.59 |—1.46—0.07|4-2.47| 6

« 1843 (b) | -}-2.26 | 4-2.46 | +1.57 |[4-0.90 —0.97 |—2.02|2.59 |—1.27| 4-0.52 |4+-1.96|4-0.14/4+-0.86| 3

« 1844 47.03 | 4-5.43 | 4-5.70 |—0.84 |—2.69 |—4.70 | —6.43 |—4.22 | —4.25 |-2.81 '—0.32|4+-1.75| 12
« 1845 43.95 | 4+-2.79 | 40.26 |+1.08 |+1.03|—2.75 | —3.18 |—4.80| —3.10 |—0.57 +2.22 +0.05| 6
Mean 7—2; 40.63 | 40.42 [ +0.29 40,14 |—0.23|—0.40 | —0.58 |—0.42| —0.27 |4-0.01 4-0.09 |4-0.26 g’{
Same in are | 40429} 4-0.19 | 4-0.13 |4-0.06 |—0.10:—0.18|—0.26 —0.19 | —0.12 |4-0.01 |4-0.04 +0.12] 21
79

The two values for 1843, marked (a) and (), exhibit the separate sums for the
bi-hourly and the hourly observations, and were required to give proper weights
to each. There are 37 months of bi-hourly, and 21 months of hourly observations
—the latter having double weight, as found from a consideration of the probable
errors derived respectively from all the results of the years 1842 and 1844. The
probable error of any single monthly mean for any hour in the year 1842 was
found = + 0%.60, and the same for the year 1844 was = + 0%.40. Hence the
weights for a resulting value in the bi-hourly series is to the weight for a value in
the hourly series nearly as 1:2, or the weights are nearly proportional to the
number of observations—a result which indicates that no constant errors influence
the result. The accordance among themselves of the values for the easterly hour-
angles is somewhat better than the corresponding values for the westerly bour-
angles—a circumstance which seems to connect itself with another phenomenon to
be mentioned presently. Giving, therefore, double weight to months of the hourly
series, the lunar-diurnal variation resulted as given above. When expressed
analytically, it takes the form

A = +0".001 + 07,029 sin (8 + 295°) + 0/.207 sin (26 + 85°)
which may also be written
A =0".0 + 1.7 sin (15n + 295°) + 12/".4 sin (30n + 85°)

where 6 represents the moon’s hour-angle, reckoned from the upper culmination,
or n the number of hours after the same epoch: + indicates west, and — east
deflection.



10 LUNAR EFFECT

The constant in Bessel’s formula comes out zero, and hence it is inferred that
the moon has no specific action in deflecting the magnet by a constant quantity.
The cocflicient of the first term of the formula is small, and it is from the second
term that the distinctive features of the double-crested curve result. These results
are all represented by curves.

Doth the east and west deflections are well marked, those occurring when the
moon is east of the meridian being greater than those when west.

It is not at all necessary to take in the third or higher terms. The progression
of the hourly values is systematic, and the agreement between the computed and
observed values is deemed satisfactory. The following diagram represents the
curve resulting from the above equation, the observed values being indicated by
dots.

Luxar-DioryAL VARIATION.
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From 21,644 observations at Philadelphia, from 1840 to 1845.

East.

H ] ] t

The principal western maximum occurs 6 minutes after the lower culmination
of the moon, and amounts to 0"23. The secondary maximum occurs 14 minutes
after the upper culmination, and amounts to 0"18. The principal minimum occurs
at 6% 17™ after the lower culmination, the casterly deflection being 0.22. The
secondary minimum at 6% 03™ after the upper culmination, with a deflection of
(*.19. The greatest range is 27", and the secondary 22”. The epochs of the
maxima and minima are found from the formula to be at a mean 10 minutes after
culmination. The probable error of a single computed value of the lunar declina-
tion is +17.32. The Toronto observations gave + 17.37 from more than twice the
number of observations, so that the Philadelphia results are worthy of every
confidence.

At Toronto, from the second investigation, embracing about 44,000 observations,
the western and eastern deflections balanced, giving for the range 38”.3. The
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Prague observations also confirm the nearly equal deflections (mean) to the west
and east. The epochs of the maxima and minima were found from the four roots
of the equation 0 = 0.029 cos (6 + 295°) + 0.414 cos (260 + 85°), which gave 10
minutes as the mean time elapsed between the moon’s passing the meridian, and
the time of maxima deflections. If we take the four phases into account, the lunar
action seems to be retarded 10 minutes, which quantity may be termed the lunar-
magnetic interval for the Philadelphia station. At Toronto the intervals are not
so regular.

The secondary range exists at Toronto, and is a marked feature in the Prague
result.

The following table contains the observed and computed values and their dif-
ferences :—

Upper Curve. Lower Curve.
Observed. Computed. Difference. Observed. Computed. Difference.
Oh. +0.19 —+0/.18 +-07.01 12h. ~+0/.29 -+0.23 +-0/.06
1 -+-0.17 +0.17 0.00 13 ~+4-0.19 +0.21 —0.02
2 +4-0.05 -+0.10 —0.05 14 —+0.13 ~+0.13 0.00
3 -+0.04 -+0.01 -+0.03 15 -+-0.06 +0.03 +4-0.03
4 —0.10 —0.09 —0.01 16 —0.10 —0.08 ~—0.02
5 —0.14 —0.16 +0.02 17 —0.18 —0.18 0.00
6 —0.19 —0.19 0.00 18 —0.26 —0.22 —0.04
ki —0.14 —0.17 4-0.03 19 —0.19 —0.21 -+0.02
8 —0.15 —0.09 —0.06 20 —0.12 —0.14 ) -+0.02
9 -+0.01 -+-0.01 0.00 21 -+0.01 —0.05 -+0.06
10 +0.10 -4-0.12 —0.02 22 -+0.04 +-0.06 ~—0.02
11 ~+0.19 -+0.20 —0.01 23 +0.12 +0.14 —0.02

The formula or curve enables us to divide the observed curve so as to show the
diurnal and semi-diurnal part of the observed variations. The decomposition of
the curve is made on the diagram where the resulting curve for the diurnal period
is given.

The lunar-diurnal variation seems to be subject to an inequality depending on
the solar year, for the investigation of which the preceding results were rearranged
in two groups, one containing the hourly values for the summer months (April to
September), the other the values for the winter months (October to March). For
the summer season we have 11,087 observations, and for the winter 10,557.

Hourry Sums oF THE LUNAR VARIATION FOR THE SUMMER SEASON.
Moon’s hour-angle.

Oh. 1h. oh, 3h. 4h. . 5h. l ¢h. 7h, 8h. gh. | 10k | 11b.

= 1840-3 +-9.29 {4+14.15{4-3.45] 4-7.20 |—2.93 :——223 —15.73| —6.18 |—12.04|—4.57|—1.49 4-12.38

318445 | 4-8.62 | 4-8.26 |4-3.92| 4-3.95 |-+0.05 | —4.36| —4.64 | —4.87 | —3.81 |~3.87]|4-1.51 | 4+2.13
j)- +0.66 | 4-0.77 {4+-0.28| 4-0.38 |—0.07 |—0.27| —0.63 | —0.40 | —0.49 |—0.31{4-0.04| 40.42

Sameinare | +07.30| 40.35 |-4-0.13] 4-0.17 {—0.03|—0.13*—0.28 | —0.18 | —0.22 {—0.14|4-0.02] 4-0.19

12h. 13h. 14h. 15k 16h. 17h. 18h. 19h. 20h. 21h. 29h. . 23b. | Mo's.

5$1840-3 |417.02|411.44|4-5.18|+13.14 |—4.94|—7.97 | —16.72 |—10.27 —12.44 |4-0.11 |—5.49 |4-10.12| 22
118445 | 44.62| -43.32 |4+2.51| +0.44 |+0.10|—4.85| —6.88 | —5.47 | —6.18 |—4.17|4-2.04| 4-1.61| 9
5 +40.66 | 4-0.45 [4-0.26| 4-0.35 |—0.12|—0.44] —0.76 | —0.53 | —0.62 |—0.21|—0.04| 4-0.33

Samein arc| 40730 | 4-0.20 |[4-0.12| 4-0.16 |—0.05|—0.20| —0.34 | —0.24 | —0.28 |—0.09|—0.02| 40.15




12 LUNAR EFFECT

Moon’s hour-angle.

HourLy Suyms oF THE LUNAR VARIATION FOR THE WINTER SEASON.

1 ; - ; | | |
f oo loIn | o2n 3h. i 4. i h. | 6h | ' gn. | 10n. | 11h
1 * | | m
218402 464214121 4920 43,04 1411918, 00/ —1.92 | —8.98 | —8.15 |—1.3114-1.02] —6.76
216435 | L. 50 —1.27 [—3. 28| —5.93 |~T.07 ‘———o 30, —8. 27| —0.34 | +1.02 +7.36E+7.51 411.18
.;’ | 40,19 | —0.04 ]-—tw4 —0.23 g—-o 36 _0 85, —0.22 —0.25 | —0.16 14-0.35 4-0.41| +0.40
Bt i H
Sameinare 0000 —0.02 l—0.02 —0.10 ‘_0 16 —o 16, —0.10 - —0.11 | —0.07 [4-0.16,+-0.18| -0.18
t | l ! !
; i ¢ i i i
1on. | 18W. ; 14k | 15k |16 | 17h { 18L | 19h. | 20n. 2111‘] 99h. | 23h | pes.
! | ; ! |
D ISR0-2 600 0,08 231 —4.18 | —7.95|—4.79 | —4.79  —1.85 | +-4.31 |43, bb|+8 461 4+5.35 | 15
218435 2 T8 502 4070 —2.78|—4.62 —5.32, —h82 —0.60 +2.7 t 0,000 +1.05 | 12
;3) D060 0.3 + 0,32 —0.07 —0.35 _(».37§ —0.40 —0.20  40.08 ¢+°‘25 +0.22; +0.19
Sameinare 40.27 40,17 +'14;—0-°3 —0.16}—0.17; —0.18 | —0.13 - 4-0.04 +0.11 4-0.10, 40.09

Lxpressed analytically, the lunar-diurnal variation

follows :—

In summer,

i the two seasons 1s as

A =—07.006 4+ 07.028 sin (8 4+ 18°) + 07,278 (26 + 671°)

In winter,

= +07.005 4 07.058 sin (5 4 264°) + 07173 (26 + 115°)

The characteristic feature of the annual inequality in the lunar-diurnal variation
is, therefore, a much smaller amplitude in winter than in summer.

LryAR-DIvRNAL VARIATION.

In summer
In winter o~ — - —
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Kreil, indeed,
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inferred from the ten-year series of the Prague observations, that in winter the
lunar-diurnal variation either disappears, or is entirely concealed by irregular fluc-
tuations, requiring a long series for their diminution. The method of reduction
which he employed was, however, less perfect than that now used. The second
characteristic of the inequality consists in the earlier occurrence of the maxima
and minima in winter than in summer. The winter curve precedes the summer
curve by about one and three-quarter hours. Both these features are well ex-
pressed in the above diagram. At Toronto, the same shifting in the maxima and
minima epochs was noticed, but the other inequality in the amount of deflection
is not exhibited. It seems probable that the Philadelphia results are more typical
in form than those either of Prague or Toronto. It is also apparent that the
smaller deflection at the upper culmination in the annual mean, when compared
with the deflection at the lower culmination, is entirely produced by the feeble
lunar action in winter. The maximum west deflection in summer occurs actually
near the upper culmination. At the same season the maximum east deflection is
still retained (as in the annual curve) about six hours after the lower culmination.
In the winter season this last mentioned maximum east deflection is actually the
smaller of the two. We have—

Maximum summer range . . . . . 85.4, Secondary, 31//.8
“ winter ¢ . . . . . 25 .9, “ 15 .6
Difference . . . . .10 .2, 16 .2

At Prague the maximum summer range was 44”.

Next I proceed to examine whether the phases of the moon, the declination, or
parallax, have any sensible effect upon the magnetic declination. Mr. Kreil found,
from a ten years' series of observations at Prague, that there was no specific change
in the position of the magnet depending upon the moon’s phases and parallax, but
that the declination was 6”.8 greater when the moon was at the greatest northern
declination than when at the greatest southern declination. On the contrary, Mr.
Broun, from the Makerstoun observations, a much shorter series than the one at
Prague, inferred that there was a maximum of declination two days after the full
moon. He also found a maximum corresponding to the greatest northern declina-
tion of the moon, but does not appear to have investigated the effect of distance.
The residuals which we have been treating enable us at once to examine these
several points.

Beginning with the lunar phases, the daily means for the day of full and new
moon, and for two succeeding days, were compared with the monthly mean declina-
tion. In case any of the hours were disturbed, the monthly normal for the hour
was substituted for the disturbed observation before the mean was taken. If one-
half or more of the hourly readings were disturbed, the daily mean was altogether
omitted. Accidental omissions of hourly observations were supplied by the hourly
normal. The half-monthly normals were then compared with the half-monthly
means. In the table of differences thus formed, equal weight is given to the
bi-hourly and hourly observations. The daily mean having been subtracted from the
monthly mean, the positive sign indicates a western deflection, and the negative sign

3
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an eastern one, as compared with the normal position.

tains the result :—

The following table con-

Sum of defleetions. ¢ Number, Deflectiou, l
Fallwoon ( . . . . 4116 | 59 4-04..22 40210 L 4007
Jst day after . . . . —7.1 3 51 —0.14 —0.06 { -
Zd day after . . . —9.3 ! 48 —0.19 —0.08 i
New moon @ . . . . —11.5 { 43 —0.27 ~0.12 ! +02.09
Ist day after . ... 415 I 40.03 4001 1 —
Zd day after . . . . +4.4 : 49 —+-0.00 ; +4-0.04 |

The effect is very small, scarcely much beyond the probable error, but the table
indicates that the north end of the magnet is deflected to the westward 0.1 at the
full, and as much to the eastward at the change day, the range between full and
new moon being 0.2, A more definite result could hardly be expected from a
series of observations extending over but five years.

Treating the subject of the effect of the moon’s variation in declination in pre-
ciscly the sume manner, we obtain the following result :—

Mean deflection.
One day before .
At moon’s max. declination .
One day after

Mean
One day before .
At mooun's min. declination .
Oue day after

Mean . .

—0.20 from

—0.10
—0.09

—0’.13
—0".04
—0.07
+0.14

40701

113

I3

55

162

158

54 days of ohservation.

These results do not positively fix a deflection of the magnet as depending on
the moon’s greatest north and south declination, the amount resulting from the

comparisons being of nearly the same magnitude as its probable error.

A similar investigation, with respect to the moon’s distance from the earth, gives

the following results :—
Mean deflection.
Oue day before
At moon’s perigee
Oue day after

Mean

- One day before
At moon’s apogee
One day after

Mean

—07.18
—0.18
0.00

—0.12

—0'.02
—0.20
—0.13

—07.12

from 50 days of observation.

o

43

41
59

150

T
t

-F Qo

5:
4

155

The differences being of the same order of magnitude as the probable errors, no

conclusion as to the effect of distance can be drawn from them.

1 propose hereafter to extend the discussion of the moon’s effect on the declina-
tion to the effect on the earth’s magnetic force.
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INVESTIGATION

OF THE

ELEVEN (OR TEN) YEAR PERIOD, AND OF THE DISTURBANCES OF THE HORIZONTAL
COMPONENT OF THE MAGNETIC FORCE.

VoLuse XTI of the Smithsonian Contributions to Knowledge contained a discus-
sion, in three parts, of the observations for magnetic declination. The first part
referring to the eleven (or ten) year period in the amplitude of the solar diurnal
variation, and of the disturbances of the magnetic declination; the second, to the
annual inequality of the solar diurnal variation, and the third, to the influence of
the moon on the magnetic declination. The present discussion refers to the
changes of horizontal force, and will be carried on in the same order as the former,
so as to dispense with explanations in the mode of treatment, unless in those por-
tions involving the peculiarities of the horizontal force instrument and record.
Charles A. Schott, Esq., has rendered me the same assistance in this work, stated
in the introduction to Part I.

The horizontal force instrument was one of Gauss’s large bifilar magnetometers,
made by Meyerstein, of Gottingen, the weight of the magnetic bar being about
twenty-five pounds, and its length being thirty-six inches and five-eighths. The
suspension wires were slightly inclined, the smaller distances between them being
above the larger. The value of one division of the scale in parts of the horizontal
force was determined to be :—

in May, 1840, . . . . 0.000035

in June, 1841, . . . . 0.000038
The mean, or 0.0000365 is the value used throughout the series. The sensibility
of the instrument was thus very considerable. The instrument having been pro-
perly adjusted with the bar at right angles to the mean magnetic meridian, the
torsion angle Z was found to be 71° 43’. The relation & = a cotan. Z expresses
the value of one scale division k in parts of the horizonal force, a being the value
of a scale division in parts of the radius, or 0.00011 = 0'.38, and Z the angle of
torsion. Increase of readings on the scale corresponded to decrease of horizontal
force.

The instruments were placed in position by the equations deduced by Professor
Lloyd, for the case of the declinometer in equilibrium with the horizontal and
vertical force magnetometers, the position of instable equilibrium being taken
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necessarily from the form and position of the observatory. The effeet of the small
vertical force bar at first used, upon the bifilar was quite insensible, and that of
the declinometer bar affected the value of the scale but slightly, the effect of
both instruments changing the value of the scale divisions only in the ratio of 1 to
0.949506,

A thermometer, by Francis, of Philadelphia, divided to half degrees of Fahren-
hieit's scale, and easily read to tenths, was placed in the box of the horizontal force
magnetometer and as near as practicable to the bar.

After the bifilar was sct up, a motion commenced in the direction indicating
deercase of force ; it was progressive though not steadily so.  After a time an extra
scale was required on occasions of auroral, or other disturbances, and finally the
ordinary readings were upon this extra scale. On the occasion of the change of
the vertical foree magnetometer, in January, 1841, by the substitution of Saxton’s
balance magnetometer for Lloyd’s, the magnetism of the horizontal force bar was
examined and found to have sensibly decreased; its force amounted to 0.9601 of
its original force, in May, 1840.  The experiments were made by means of deflec-
tions with a subsidiary declinometer bar, the only means then available. A further
experiment of the loss of force was made in June, 1841, when the instrument was
accidentally disturbed by one of the observers.  The loss of magnetism then found,
by means of a new determination of the angle Z, was 0.0314 of its amount in
January, 1841, To ascertain the change of magnetism of the bars of the mag-
netometers, vibrations were also made use of, but they led to no satisfactory result.
The progressive change of the scale rcadings from the change of the horizontal
force and loss of magnetism of the bar, will be investigated further on.

The observations, between June, 1840, and September, 1843, were made bi-hourly,
and from October, 1843, to the close of the series, hourly. The scries extending
over five vears is not quite continuous; no observations were made on cleven
days in January, 1841, on the occasion of the introduction of a new vertical force
magnetometer, and the consequent necessity of readjusting the instruments; in
January, February, and March, 1843, the work was reduced to but a single reading
a day, by circumstances elsewhere stated; there are also some minor disturbances
at other times when the difference in the readings, however, were ascertained and
allowed for. Full statements bearing on the continuity of the series will be given
in subsequent pages. .

The reduction proper, necessarily commences with the operation of bringing all
the readings to the same standard temperature, to render them comparable among
themselves.

Correction of the Readings of the Bifilar Magnetometer for Changes of Temperature.

The care bestowed on the experiments to ascertain the effect of the temperature
on the instrument, and the perseverance with which they were carried out were
not rewarded with a corresponding degree of agreement in the results obtained, by
the various processes employed. This it will be recollected was also the case at
other observatorics. The subject of the co-cfficient of temperature for the bifilar
magnet is fully trcated in the preface to the three volumes containing the record,
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and it will, therefore, in this place only be necessary to recapitulate in general the
results and to state the nature of the experiments there described.

The first observations for the temperature co-efficient were made on July 16,
1840. Oscillations were observed alternately at the ordinary temperature and near
the freezing point, obtained by surrounding the box containing the magnet with
ice; at the same time comparative oscillations of a bar in another building were
observed to furnish the necessary data to correct the bifilar results for any change
in the horizontal force during the progress of the experiments. The value deduced
was 2.8 scale divisions for a change of 1° Fahrenheit. No reliance was placed on
this result on account of the comparatively rude indications of the subsidiary
instrument, and also on account of an irregularity at a certain point in the curve
representing the connection of change of force with change of temperature.

The method of deflections was tried, and abandoned on account of the small
amount of deflection at a distance sufficiently great to prevent the chance of per-
manent changes from the mutual action of the bars.

On the 22d of February, 1841, comparisons by vibrations were again resorted to,
but with no better success, the correction for change of force during the interval
being unsatisfactory. The result deduced was 3.0 scale divisions for 1° Fahr.

Applying the results to the readings of the bar when mounted on the bifilar
suspension wires in the observatory, they were so little satisfactory that it was
determined to get the change of intensity of the bar by heating and cooling the
observatory while the bar remained in situ.

In January and February, 1842, a continuous series of observations was made by
allowing the observatory to attain the winter temperature on onc day, and obtaining
thus a result by comparison with the preceding and succeeding days, when the
room was artificially warmed. The value found was 1.55 scale divisions for 1°
Fahr. At this time the observatory was warmed by a soap-stone stove with copper
fixtures.

About the close of the year 1842 an efficient set of subsidiary instruments was
mounted in one of the College buildings, the bifilar magnet being about nine inches
in length. After the relative value of the scales of the instruments had been
ascertained, comparative observations were made, six each day, in the morming and
afternoon. These observations and results are given in a table extending over
eleven months, in 1843, and over cleven months, in 1844. The results were fluc-
tuating, and the discrepancies proved conclusively, that other causes were at work
which would not be accounted for. The changes in the force were generally small.
In the course of these experiments I found, beyond a doubt, that instruments of
the same dimensions were required to give comparative results. During an aurora
the small instrument in the College gave by no means the same results as the large
instrument in the observatory; there were numerous comparisons determining this.
I had rcason also to believe that the large bar had its induced magnetism easily
disturbed, and not regularly renewing itself, so that the correction for temperature
may be supposed compound, one part permanent and cne part temporary. The
following results were obtained :—
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Ohservations between February and June, 1843, 2.50 scale divisions
“ s July and December, 1843, 2.28 “
“ G Januury and June, 1544, 1Ly “
" v July aud December, 1844, 2.00 ¢ “

for 1° Fuhr. It may also be stated that no reasonable supposition in regard to
differences of temperature between the indications of the thermometer and mag-
netie bar, or to changes in the co-cfficient varying with the temperature, will explain
all the cases of discrepancies.  In these comparisons, always near each other in
time, small differences in intensity, as shown by the subsidiary instrument, were
allowed for, but the corrections for temperature of this latter instrument were
neglected, as the changes of temperature in the building where it was placed were
small.

Another method, not quite so unobjectionable as the preceding one, was tried ;
it consisted in taking the results corresponding to the highest temperatures during
qach winter, and comparing them with those corresponding to the lowest tempera-
tures. a correction being made to reduce the changes of force by means of the
sccondary instrument.  These comparisons were liable to be affected by the unequal
distribution of the results used over the different parts of the month. The result
was: for combinations and comparisons, from

January, 1844, to June, 1844, 2.03
July, 1844, to December, 1844, 2,29
scale divisions for cach degree of Fahrenheit’s scale.

The mean value of all the results obtained by the various processes explained, is
2.6 scale divisions, and as a preliminary measure, it was supposed that the co-effi-
cient was changeable, and hence a correction for change of temperature was applied,
varving from 3.2 seale divisions, in 1840, to 2.0 scale divisions, in 1844,

On resuming the discussion it was thought desirable to deduce a value for this
co-cfficient directly from the entire mass of observations, as this could not fail to
satisty the whole series,  For this purpose it was indispensable to make the series
of observations continuous, or, in other words, to refer the readings, extending over
five consecutive years, to the same initial division of the scale. This is, therefore,
a proper place for stating all cases when the instrument suffered any disturbance
and the amount of scale correction required.  All necessary explanations are given
in the record.

The first break in the series occurred Angust 27, 1840, at 12" 22= (Philadelphia
time), when the mirror was accidentally deranged. The observed numbers from
this date to September 22, at 12" 22® have been brought to comparison with former
numbers by the mean position of the bar for six previous days (in some cases
seven) and by the hours, from 0® 227 to 22" 22= inclusive. This correction is
already applied in the record, its probable crror is given as 8.3 scale divisions.

On September 22, 1840, the instrument was readjusted.

An interruption of cleven days occurred, in January, 1841, owing to the intre-
duction of a reflecting vertical foree magnetometer, and requiring a new arrange-
ment of the instruments.  The horizontal force magnetometer was left in its place.
The mean values for January, viz: 944.6 divisions for the bifilar, and 36°.5 for the
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corresponding temperature, as given in volume I of the record, may be reduced to
the true mean by the interpolation of values, between December 31 and January
12. The daily mean (at 32°), on December 31, was 842.3, and on January 12,
913.0, hence, omitting the readings for January 3d, and 10th, as Sundays, the com-
plete monthly mean should be 18.6 divisions less or equal 926.0.

The observations were resumed on the 12th, and continued to February 8th at
22" 491 when the wires were found to have been slightly deranged, two days
previously, February 6, 18® 22™ (Philadelphia time), a great change in the position
was noticed ; on re-arranging the instrument it did not return to its former read-
ings. A correction of + 116 has been applied (in the record) to the previous mean
readings only in this month, and in consequence - 116 divisions should be added
to each individual reading from the commencement of the series; but on account
of another disturbance of the instrument, on the 22d, at 16" 22 (Philadelphia time),
a further correction of 4 92.8 scale divisions should be applied. The total correc-
tion is therefore 4 208.8. Besides these corrections the readings on the 22d from
0" 22® (Philadelphia time) to 10* 22 (Philadelphia time), inclusive, should be
increased by 4 25.1 divisions, the alhidade of the instrument having been dis-
turbed.!

On the 2d of June, 1841, the suspension wires were struck accidentally, derang-
ing the instrument; the readings were then near the end of the subsidiary scale,
and in rearranging the instrument the new readings were brought near the middle
of the scale. The total difference between the old and new scale readings, the
latter commencing with the first of the month, is 900 scale divisions. The means
between June 1st and 5th are already corrected in the record, but the individual
bi-hourly readings require a correction of + 2137 scale divisions to produce these
means. It was thought best not to apply this correction of — 900 divisions to the
observations between June, 1840, and June, 1841, but simply to state the quantity
since it can be applied easily to any result hereafter.

At the close of 1842 the regular observations were discontinued for three months,
during January, February, and March, 1843 ; a daily reading was taken at 14" 22
(Philadelphia time), in order to keep up a continuity in the series, By means of
the reduced readings in the same months in the other years, it was found that a
correction of — 344 — 8.7 and + 1°5 for January, February, and March, respect-
ively, was required to refer the mean at 14" 22 to the mean of a complete bi-hourly
daily series. Applying these corrections, the corrected monthly means become :—

1 The corrected daily means for the month of February, 1841, should, therefore, read as follows :—

1st . . . 1163.5 10th . . . 11311 19th . . . 1127.9
24 . . . 1144.8 11th . . . 1103.8 20th . . . 1130.0
34 . . . 1141.9 12th . . . 1082.5 224 . . . 1182.9
4th . . . 1133.0 13th . . . 1083.5 234 . . . 1182.6
bth . . . 1138.1 15th . . . 1100.0 24th . . . 1128.0
6th . . B 1138.6 16th . . . 1122.1 25th N . . 1107.7
8th . . . 1181.2 17th . . . 1139.7 26th . . . 1144.6
9th . . . 1150.6 18th . . . 1137.0 27th . . . 1162.3
Mean . . 1135.7

® For the first day only 4 142, according to the mean in the record.
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For January, 1843, . . . . . 8037 at 59°.2
For February, 1843, . . . . 7989 at 51°.9
For March, 1843, . . . . . 815%1 at 48°.7

On the 15th of April, 1843, the instrument was carcfully examined and found in
adjustment.

At 6" 50™ on May 4, 1843, the bifilar was disturbed, but readjusted on May 5,
before the regular observation at 2% 21™ P. M. A correction of — 16 divisions
during the interval is to be applied to the readings.  After this date the instrument
remained undisturbed. v

We have, therefore, for discussion the following continuous series of monthly
means of the readings of the bifilar magnetometer with its corresponding mean
temperature.  The scries extends over five years and one month. To obtain a
better view of the scries, the correction of — 900 divisions for the first twelve
months has been applied, it gives a negative value to the June mean of 1840.

TasLkE 1.—REcapirrrLATION OF MoNTHLY MEAN READINGS OF THE BIFILAR MAGNETOMETER,
(C'ORRECTED 80 A8 TO PRESENT A CONTINUOUS SERIES.

| 184041 | 184142, | 184243, | 184344, | 184445,
June . . . . | — 5.4 l -+-432.3 —+663.5 | +-901.0 +-1092.0
July . . . + 90.1 I 463.9 710.2 | 946.5 1126.6
August . 146.2 ; 511.6 718.1 956.3 1149.5
September . . 162.1 | 537.9 740.3 985.4 1124.8
October . o . 149.4 | 515.6 ' T68.8 988.6 1140.7
November . . 136.8 503.1 | 777.8 983.7 1135.1
December . . 156.0 535.4 ; 5.9 986.1 1191.3
January P 234.8 561.0 803.7 088.3 1227.2
February . . . 235.7 576.4 798.9 1018.1 1221.6
March . . . . 248.9 5721 . £15.1 1052.1 1235.3
April . . . . 266.5 606.7 8649.5 1067.6 1257.3
May . . . . 307.8 625.1 873.6 1072.4 1250.8
June . . . . | 1291.7

Temperature of the bifilar magnet.

June . . . . 4-720.1 +740.1 +4-71C.3 +4-75.1 +-72.9
July . . . . 75.6 7.3 76.8 76.8 77.8
August . . . 75.5 5.4 4.7 71.2 75.8
September . . 65.0 70.6 2.5 73.1 71.5
October . . . 68.7 53.7 67.9 66.3 68.8
November . . 47.4 47.1 61.8 60.5 61.5
December . . 35.7 5. 57.3 57.7 57.4
January . . 36.5 61.5 59.2 517 58.8
February . . . 34.7 60.5 51.9 54.6 53.6
March . . . . 43.5 64.1 48.7 62.8 58.2
April . . . . 50.5 65.5 67.4 63.8 64.1
May . . . . 60.3 68.3 68.4 68.9 64.3
June . . . . 74.8

Under the supposition of a uniform progression in the change of the mean
monthly readings (due to change in the horizontal force and loss of magnetism of
the bar) the bifilar readings for a given period may be represented by the form :—

B=DB,+ tex+ Oty
where B,, a mean bifilar reading for the period.
x the change during a period.
y the change in the rcading due to a change of 1° Fahr,
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be = difference between any single period and the mean epoch.
Ot = « “ any temperature and the mean temperature.

The formula was first applied to the monthly means resulting from five years of
observation; it gave y = + 1.0 scale division ; but the remaining differences showed
that the irregular changes between June and July, and December and January, of
the years 1840-41, had an undue effect on the result, the first year’s observations
were, therefore, omitted, and the process repeated for the remaining four years.
The twelve conditional equations gave the normal equations:—

+ 2143.15 = + 143x — 200.4 ».
— 2549.73 = — 200.4x+ T11.1y.
whence = monthly effect of the progression = + 16.5 scale divisions.
y= temperature correction for 1° Fahr. = + 1.8 « «

An examination of the observed and computed values showed that the introduc-
tion of a term Ae’% would improve the agreement, solving the three normal equa-
tions we found

x=+17.6
y=++ 1.62 .
=— (.31

The following table shows the comparison of the observed and computed monthly
mean readings of the bifilar :—

|
18411845, Mean temperature. EM"/““ ohserved bifilar)  Megn computed. Difference ¢. — o. C. 0.4 3.5.
| reading.
i
June . 73.3 772.2 779.2 + 7.0 +10.5
July 1.2 811.8 806.2 — 5.6 — 2.1
August 76.5 833.9 824.7 — 9.2 — 5.7
September 71.9 847.1 837.0 —10.1 — 6.6
October 64.2 853.4 843.3 —10.1 -— 6.6
November 57.7 849.9 851.4 4+ 1.5 - 5.0
December. . 57.0 872.2 867.8 -— 4.4 — 0.9
Jannary . . . 57.8 895.0 886.0 — 9.0 — 5.5
February . . . 55.2 903.8 897.9 — 5.9 — 2.4
March . . . . 58.5 918.6 919.3 <+ 0.7 + 4.2
April . . . . 65.2 950.3 945.4 — 4.9 — 1.4
May 67.5 955.5 963.5 “+ 8.0 +11.5
Mean 65.17 872.0

Adding + 3.5 scale divisions to the mean value of B,, the above differences will
balance. According to the above results, the annual progressive change is + 17.6 x
12 = 211.2 scale divisions, and the change in magnetic moment of the bar for a
change of 1° Fahr, in the temperature, or g = + 1.62 x 0.0000365 = 0.0000591.
This agrees with the best direct determination, being the one in which the observa-
tory was alternately heated and cooled.

To test these results, a combination of the six warmest months with the six
coldest months, by alternate means furnished several values for ¢ depending
merely on the assumption of a gradual regular progressive change during each year
and a half, for which separate results were deduced; this series commences with
May, 1841, and ends with April, 1845, and contains, therefore, the same number
of months as the first combination, excluding at the same time the two defective
portions noticed above. This combination also possesses the advantage of showing

the variations in the values of g.
2
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COMBINATION BY ALTERNATE MEANs oF THE WARMER MonTns, FROM MAy 10 OCTOBER INCLU-
SIVE, WITH THE COLDER MoNTHs, FROM NOVEMBER TO APRIL INCLUSIVE.
‘ Bifilar. f'l‘cmpnmture,! Alternate Means. E Ad at gii;‘i:f::::
May, 1sd] to Oct., Isdl | 4615 ¢ 6857
Nov., 1841 to April, 1842 5540.1 59,05 582.9 | 70.25 * 23.8 11.20 +2.1
May, 1842 to Oct,, 1842 043 71.92 GR3.0 i 58.3% | 21.3 13.54 +1.6
Nov., 1842 to April, 1843 BUG. 8 57.72 823.1 7237 [ 16.3 14.65 +1.1
May, 1845 to Oct., 1543 941.9 T2.82 911.4 | 68.12 ‘ 30.5 14.70 2.1
Nov., 1543 10 April, 1544 1016.0 68,52 lo2o.8 | 7272 13.8 14.20 +1.0
May, 1844 to Oct., 1344 1115.% 7262 1113.6 : b&.72 ! 4.1 13.90 +0.3
Nov., 1544 to April, 1840 12118 58,43 : ‘
i |
Sam | 109.8 52,19 +1.3
|

The result from this combination + 1.3 confirms the preceding value, the result,
according to weight or + 1.5 scale divisions or ¢=0.0000548 in parts of the hori-
zoutal foree has, therefore, been adopted in the reduction of the bifilar readings to
a standard temperature, for which + 63°.0 Fahr. has been determined upon as the
mean temperature of the magnetic bar during the five years series of observations.

The ditference in the resulting value for ¢, when obtained from deflections or
vibrations, and from combinations of the bifilar readings themselves, has been re-
marked before, and no satisfactory explanation has as vet been given of it.  Thus,
for instance, at Toronto, the two respective values were 2.69 and 1.63 scale divi-
sions. as shown in General Sabine’s remarks (Vol. I11.)  The existence of a similar
discrepancy in the case of the Makerstoun bifilar has been detected by Mr. Broun.
Whatever may be the cause of the difference, there can be no hesitation in saying
that the result derived from the bifilar observations themselves is the one to be pre-
ferred. At St. Helena (Vol. I1., London, 1860), the two values were 1.45 and 0.98,
the half yearly comparisons at this station even show a less value, viz., 0.88 scale
divisions; 0.98 (for convenience 1.0) was adopted in the reduction. Dr. Lamont,
in his Handbook of Terrestrial Magnetism (p. 206, edition of 1849), says: ¢ It de-
serves to be remarked that the value obtained by comparing monthly mean readings
of the bifilar at high and low temperatures is smaller than that obtained by direct
observation.”

In the present discussion the value % = gggggzé 2 = 1.5 has been adopted. At
. . . 0.000142 < 0.00019
Toronto this value v ras% = 060087 = 1.63, and at St. Helena %_: 0.00019 = 1.0.

It will be seen from these values that the Philadelphia bifilar magnetometer was
very sensitive; its scale value in parts of the horizontal force is but four-tenths of
the Toronto value, and only two-tenths of that of the St. Helena instrument.

In the computations which follow the tenths of scale readings have been omitted
(keeping only the nearest unit) as contributing nothing to the accuracy of the results,
and merely increasing the labor of reduction. The uncertainty in the readings
arising from the uncertainty in the value of ¢ probably affects the units, and the
same may be said of the declination changes, so that in extreme (individual) cases
the next higher figure may be affected.
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The next step of the reduction consisted in transcribing the whole body of the
observations after correcting them individually for differences of temperature; the
adopted standard temperature being 63° Fahr.

The following table contains the monthly means of the bifilar readings reduced
to the standard temperature; the series has been made continuous by the application
of certain corrections explained before,

The readings are in scale divisions of 0.0000365 parts of the horizontal force;
increasing numbers denote decrease of force. The time is Observatory mean time,
counted to twenty-four hours for convenience sake.

TABLE I1.—MoNTHLY MEANS OF THE BIFTLAR READINGS TAKEN AT INTERVALS OF TWO HOURS
AND REDUCED TO THE STANDARD TEMPERATURE 63° FAHRENHEIT.

Philadelphia time (A. M.) (P. M)

t 1
; ! ! |
[ Oh 22m . 2h 22m . 4b 22m | Gh 22m | 8h 29m I10h 22m 120 220 145 22m 16b 227 | 18h 22m | 208 22m | 220 22n

1840. | Div's. | Div’s. | Div’s. | Div’s. | Div’s. | Div’s. | Div’s. | Div's. | Div’s. | Div's. | Div’s. | Div’s.

June —96 | —98 i—101 |—113 |—102 |-—79 |—94 —115 —117 |—96 |—88 |— 90
July 474 | 467 463 |4+ 60 | 486 |+100 |48 |+ 52 |4+41 |74 [479 |4 79
August | 129 | 117 | 117 | 113 | 146 | 157 | 137 | 113 | 110 | 129 | 126 | 133

Sept. 158 147 143 138 169 201 183 157 152 153 157 153
October | 155 149 137 140 153 179 177 161 155 157 158 152
Nov. 160 157 149 141 153 171 179 165 167 159 160 164
Dec. 203 152 184 178 184 210 218 206 192 196 202 202

1841, | Ok 22m | 2h 22m ; 4" 220 6h 22m | gh 22m [10n 22w |12k 22m 14k 22m |16k 22w | 18b 22m : 20k 22m | 22h 22m

*January ; 206 287 286 276 272 294 322 306 289 208 | 294 298

Feb. 279 270 265 256 261 286 303 295 276 283 289 275
March 276 273 267 260 272 298 299 272 279 281 282 280
April 285 278 268 265 287 312 314 282 273 280 289 286
May 311 312 311 303 318 335 323 304 298 307 312 315
June 420 417 414 405 418 427 406 402 408 416 426 427
July 444 440 435 436 447 457 449 429 430 442 453 448
August 490 490 485 481 499 515 500 479 481 496 501 497
Sept. 517 520 517 514 534 561 538 522 521 528 523 524
October | 528 520 517 518 532 540 545 535 529 530 631 530
Nov. 528 529 522 515 525 535 539 | 525 523 525 528 529
Deec. 545 541 637 534 539 551 562 550 547 553 553 551

1842, | 0h 214 |20 214w 4n 214w | 6h 214 | 8 214m (100213120 214m 141 21§ 160 21 4= 18% 214m 204 21 §m |22 21 4

January | 560 558 557 554 553 575 579 564 559 568 565 565

Feb. 582 576 574 568 570 580 593 582 578 583 589 582
March 573 564 561 561 567 580 577 567 568 574 676 877
April 605 599 598 593 601 618 612 596 592 605 607 607
May 618 614 609 609 624 632 622 607 609 618 620 622
June 652 655 649 641 652 664 654 642 639 652 655 656
July 684 689 682 683 695 710 698 681 674 687 693 697
August 702 695 695 693 712 722 703 689 690 700 704 703
Sept. 721 723 719 712 732 746 734 722 718 729 730 727
October | 757 750 747 747 755 7 778 772 766 764 765 762
Nov. 780 774 712 769 778 791 786 782 778 778 781 785
Dec. 783 780 778 776 779 793 800 791 780 781 784 785
1843, 0n 213m|2h 214™ 40 214w 68 214~ | 88 213™ (107 213= (120 21 §™ 140 214™/16% 21 4™ 18% 21 §m 200 213|225 21 4

January 813

Feb. 819

March 835

April 800 859 853 853 867 880 87 860 859 863 866 859
May 866 864 862 860 875 877 862 855 856 863 873 8.0
June 884 883 879 876 886 895 887 873 873 884 887 888
July 924 921 921 920 933 940 932 920 916 921 931 929

August 932 931 931 928 850 957 944 924 925 930 936 935
Sept. 968 967 962 957 977 990 981 966 968 970 970 966
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To 2pe 26 234m 36 210w 4 91w Inh 211w Gh 214w 7 Q1M 8 D1lm on YL

Hourly Series.

10821 5m 11827

T .211'
1845, Divis.  Div’s. Diviaot Divs. Div's. | Div's, Div's. | Div’s, 1 Div’s. Div’s. | Div’s. | Div’s.
October  ON3 978 980 | 978 976 | 978 L 977 | 980 | O9R4 987 | 991 | 992
Nov. gws 1 OnT 96 osd 983 | w8l | o9x1 | osa | ooss | 992 | 904 | 991
Dec. AlY Qid 093 992 990 | 988 ;988 968 992 992 993 998
12020155 130 21 4m 144 21400150 2140 160 21w 17 21 Jm 186 21 §m 190 2] fmy2gh 215&21“ 214m|234 21 1m' 231 21 4
October -~ 9411 48y S us3 | u83 | 085 | 985 985 1 984 983 984
Nov, 92 990 8= 1 URY 985 | 986 : =7 987 988 | 988 G989 989
Dec. < Toon I Yu7 994 992 1 991 1 993 996 996 | 996 998 999
J}.44‘ (i 21£:n ll. 21?.‘ 211 215;11 3 21‘}n‘ 4'\ 21%11. hb 21.}1\\ Gh 21.§m 7h Qllm 85 21%m g 21_‘12m 10h 21%“{11“ 21&11
January - 1009 1007 100 o 10+ 10201002 100l 1001 | olood 1007 | 1010 | 1013
Feb, 01031 7 3031, 1031 1 1020 1026 1026 | 1026 ) 1028 | 1029 ) 1030 | 1034 | 1036
Mareh  § 1nGo Tods 0 iy 0 1046 1045 1 1044 0 1045 10de 1051 1058 1060 1062
Aprit ¢ 1odT 1066 1065 | 1og2 1059 1 105% | 1062 1062 1 1067 1075 1079 1079
May Prodg o loss D losd o 1os3 1063 1062 | 1062 0 1065 1os9 | 1075 | 1076 | 1071
June L 10s0 1079 0 1078 D 1079 1079 D 1077 1 1075 | 1079 | 1082 | 1084 | 1086 | 1083
July ¢ 1103 - 1led o 1log 1107 1107 D 1106 1305 0 1105 1110 | 1117 | 1119 | 1115
August | 1128 0 1130, 1130 1130 1129 ¢ 1127 1126 0 1131 | 1130 | 1148 | 1149 | 1143
Sept. C110x 11os 1 1108 1 1104 es 11107 1 1106 11138 1123 1129 1133 1129
October + 1132 Ti2s 5 1127 f12s Tz 1124 £ 1125 5 1136 1 1137 1 1143 | 1146 | 1141
Nov, C 1186 1135 0 1183 ) 1132 1131 1127 01128 0 1120 1134 1141 1147 1149
Dec. [ BARY 2ot 0 119y 5 1196 1194 1192 | 11x8 1191 | 1192 1196 1207 1215
:12.: RIEA 1:)‘5\2151} }4:y21“ij|“']5i1215n. j6:91 l“‘ 17n Qlém 18y 2]‘}m 108 21%111 A 2]%;1-, 21“21‘_‘_,"“ 29n 215nx§23!x21im
January - 1011 100y looh 100l 1000 - 1002 1004 1 3005 1005 ‘ 1006 1007 1009
Feb. RIS O (A5 1028 1028 1032 1031 1032 1033 | 1034 | 1083 1034 1033
Murch 1067 0 losd 0 less o lodh 1052 1054 | 10564 1053 ¢ 1os1 | 1052 § 1062 | 1051
Aprit 5 1074 Tose 1o 1059 1061 1054 3 1065 | 1067 | 1068 | 1069 | 1066 | 1069
May Ddouh 106N 1054 ¢ 1004 1052 1055 1 1060 1064 1 1065 1065 1064 1064
June PIOTS 3074 TaeY 1067 g7 0 1069 0 1073 | 1075 | 1697 1079 1079 1080
July o 11e7 11er o 1eoy o 1ood 1ous 1084 1 1007 0 1100 1102 1103 1104 | 1105
August - 1134 11256 1117 1 1116 1117 ) 1123 ¢ 1130 ¢ 1131 1132 1131 1132 1131
Sept. 1114 0 11o% ¢ 1102 *; 1100 ol | 1es ¢ 1108 1110 [ 1111 1111 1112 1116
October 1139 1134 1128 1 1120 1128 1132 1133 1 1133 | 1135 1132 1133 1130
Nov, 114 1145 0 1139 1137 1138 | 1138 | 113% | 1143 | 1141 1138 1135 1139
Do, 1115 1210 1205 1 1200 1195 1196 ¢ 1197 | 1197 1 1197 1201 1201 1201
1845, O 21w 215w 26 2w 34 2] Jue b Q11w 5B 21w 6 211w 7R 2]1m 8b 211w | 9h Q1jm :1()2.215111511).21__1‘,,.
January ¢ 1233 1230 1231 1226 . 1227 1225 1224 ‘ 1226 1230 1238 | 1244 1248
Feb. P12 1234 1232 1230 1230 | 1227 | 1224 ) 1228 | 1234 1238 1246 1249
March 1237 1287 0 1235 12385 3235 1235 ) 1231 1234 ‘ 1242 1250 1256 1262
April 1253 1250 ¢ 1249 1247 1245 0 1243 | 1241 1247 | 1255 1270 1280 1279
May 1244 1248 1246 ¢ 1245 | 1241 | 1238 [ 1235 1242 ; 1254 1264 1265 1263
Juue C1274 1274 1274 1 1293 0 1268 0 1267 1 1262 1266 | 1273 1284 | 1290 1289
12421 m 130 21 4mi14n 2] Jm 15021 m 16w glg_m‘lvpx 21)m 18021 m J9u 21%m 200 21 mi2]n 21§‘n;22hzl%m123h215m
January - 1245 1241 1238 1235 ¢ 1233 1236 1 1237 1233 . 1232 1231 1231 122
Feb. P1231 0 1247 ¢ 1240 1 1236 ) 1235 1 1233 | 1234 1236 | 1236 1232 1232 1233
March | 1261 1254 11246 0 1290 0 1241 1 1243 | 1945 1242 1 1241 1238 1241 1240
April | 1271 @ 1267 (1255 1253 ¢ 1249 | 1251 ‘ 1254 1257 | 1257 1254 1251 1252
May | 1256 | 1248 | 1242 : 1242 | 1242 | 1246 | 1251 | 1251 | 1251 | 1253 | 1251 | 1245
June i 1282 | 1278 | 1269 | 1267 i 1266 | 1269 1274 ’ 1278 { 1277 1276 1275 1275
! ! i i ! |
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The monthly means are contained in the following table :—

TaBrLe IIT.—MoNTHLY MEANS OF THE PRECEDING DBIFILAR READINGS REDUCED TO THE
STANDARD TEMPERATURE 63° FAHRENHEIT.
164041, 184142, 184943, 184344, 1844-45.
Div’s. Div’s. Div’s. Div’s. . Divs.
June . . . . — 99
July . . . . 4+ 7 443 689 926 1104
August . 127 493 701 935 1130
September . 159 527 726 970 1112
October . 156 530 761 984 1132
November ., . 166 52 780 987 1138
December . 197 547 784 994 1199
January . . . 1274 563 3808 1005 1233
February. . . 278 580 %14 1031 1235
March. . . . 278 570 3635 1052 1243
April , . . . 285 603 863 10 6 1255
May . . . . 312 617 865 10 4 1249
June . . . . 2415 651 883 10 7 1274

Correction for progressive change in the readings.—The observations having been
referred to a uniform temperature, still require a correction for the effect of the
progressive change during each month before Peirce’s criterion can be applied for
the purpose of separating the disturbances. We have seen that the mean monthly
value of this change due to loss of magnetism of the bar and to change in the
horizontal force itself, was 17.6 scale divisions; on the average, thercfore, a correc-
tion must be applied to the observations on the first and last day of each month of
+ 8.8 and — 8.8 scale divisions, and in proportion for the intermediate days. At
Toronto, also, the progressive change in some months was so great as to present a
practical difficulty by its interference with the proper comparability of the observa-
tions, and in these cases new means at shorter intervals than a month were taken.

t The actual mean of 17 days was 293 ; to reduce this to the mean of 27 days, 19 scale divisions
were subtracted, resulting from an interpolation between January lst and January 12th; the mean
of 7 days preceding and following the gap was made use of.

» Owing to causes already explained, the means of May and June differ so much as to affect the
continuity of the series; the same is to be said of the differences between June and July, 1840, and
between December, 1840, and January, 1841; the corresponding differences between the same months
in the other four years furnish us with the means of correcting the series for the first year, as will be
seen hereafter; it also appeared advisable to omit the readings in June, 1840, altogether, the instru-
ment not having then been in stable adjustment.

3 The numbers in table 1T have been slightly changed, to refer the mean of the hour of observation
to the mean resulting from observation of 12 hours a day. Comparing the mean at 14 22 in each
month with the respective monthly means in the other four years, the above corrections became —5,
—-5 and 0 for January, February, and March.

The bar between September and October, 1843, separates the means from the bi-hourly and the
hourly series.

In the application of the reduction for temperature no attempt whatever has been made at inter-
polation in the magnetic series, but whenever a temperature reading was accidentally omitted, it has
been supplied by comparison with the observed temperature immediately preceding and following.
No magnetic reading can be supplied by interpolation, however short the interval, as long as the law
of the occurrence of the disturbances remains unknown.
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At Philadelphia the progressive change is so large as to require a systematic corree-
tion thronghout the series. In the manuseript tables used for the preparation of
the monthly normals and containing the observations reduced to 63° Fahr., the
readings-corrected for progressive change were written in blue ink underneath each
observation.  If the monthly differences are taken from Table No. IIL, it is appa-
reut that the change is irregular, and in three cases at least it is certain that other
causes were in operation, which produced larger monthly differences than could be
attributed to the gradual loss of magnetism.  These cases are the following (already
noticed In the preceding temperature discussion): between June and July, 1840, a
difference of 170 divisions; between December and January, 1840-41, a difference
of 77; and between May and June, 1841, a difference of 103 divisions. They
require separate treatment, as will be presently explained.  FYor the correction of
the progressive change the mean reading from one month’s series was made out for
the first, middle, and last of cach month. By this process of taking the mean from
14 days preceding and 14 days following each of the epochs the lunar effect on the
solar variation is practically climinated from the resulting mean value! These
means corresponding in time to the beginning, the middle, and the end of each
nmonth, furnish the rate of change for the first and second half of the month, and
by simple interpolation give the correction for progressive change for each day.
1f the rates for the first and second half of the month are different, the monthly
means of cach hour (from the blue figures) will differ by a small but constant quan-
tity from the former monthly means. Thus, for instance, for the month of June,
1842 the monthly mean is 651 divisions, corresponding in time to the middle
of the month, the mean of the readings (at 63°) for the sccond half of May
and the first half of June is 641, corresponding in time to the first of June, and
the mean of the readings (at 63°) of the second half of June and the first half
of July is 673, corresponding in time to the last of June; the correction applied to
the bi-hourly readings (at 63°) on June Ist was + 10, and to the readings on June
30th was — 22 divisions. At the middle of the month the correction is zero, and
for the intermediate days it is in proportion to their respective distances from the
middle.  The algebraic sum of the daily corrections divided by the number of days
of observation is — 38, which gives the new monthly mean 648, as corrected for
irregularity in the progressive change. In the exceptional case of a break, or
beginning and termination, the required rate of change for half the month was
found by a similar process, using half monthly and quarterly means.

The following table, No. IV., contains the monthly means of the bi-hourly and
hourly readings of the bifilar magnetometer referred to a uniform temperature (63°
Fahr.), and corrected for irregularity in the progressive change. It is here inserted
for the purpose of comparing it with the monthly normals, showing the change pro-
duced by the exclusion of the disturbances. The means in the month of June, 1840,
arc suppressed, and the readings between June 1 and June 5, 1841, were not used.

* In connection with this subject, the first part of an interesting paper by Mr. Broun may be

conzulted, viz.: “On the lunar diurnal variation of the magnetic dechnatmn at the magnetic equator.”
wProceedings Royal Society, vol. X.,-No. 39, 1860,
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TasLE IV.—MoNTHLY MEANS oF THE B1-50URLY AND HoURLY READINGS OF THE BIFILAR MAG-
NETOMETER, REDUCED TO A UNIFORM TEMPERATURE AND CORRECTED FOR IBREGULARITY IN THE
Progressive CHANGE.

Philadelphia time (A. M.) (P. M.)

f i i i
0b 22m ‘ 2b 22m | 4h 22m | gh 22m | Bb Qom ‘ 10 22m | 120 29m | 14h 22m | 16% 22m  18h 22m | 20h 22m - 220 22m

1840. !Div’s.’ Div’s. | Div’s. | Div’s. | Div’s. | Div’s. | Div’, ) Div’s. | Div’s. | Div’s. | Div’s. | Div’s.

July 90 83 79 76 102 116 97 68 57 20 95 95
August 130 118 118 114 147 158 139 115 112 130 127 134
Sept. 161 150 146 141 172 204 186 160 155 156 160 156
October 153 147 135 138 151 177 175 159 153 155 156 150
Nov. 155 152 144 136 148 166 174 160 162 154 155 159
Dec. 202 191 183 177 183 209 217 205 191 195 201 201

1841. | Oh 22m | 20 22m | 4h 22m | b 22m | 8h DPm | JOh 22m | 120 22m | 14h 22w | 160 22m | 18h 22m | 200 22 | D2 22

tJanuary | 300 291 290 280 276 298 326 31 293 302 298 302

Feb. 279 270 265 256 261 286 303 295 276 23 289 275
March 276 273 267 260 1 272 298 299 272 279 281 282 250
April 283 275 265 262 284 309 311 279 270 277 266 283
May 307 308 307 299 314 331 319 300 294 303 308 312
JZJ une 392 390 389 383 400 406 390 380 386 392 402 400
July 445 441 436 437 448 458 450 -430 431 443 454 449
August 492 492 487 483 501 517 502 481 483 498 503 499
Sept. 519 522 519 516 536 562 540 524 523 630 625 526
October | 527 519 516 517 531 539 644 534 528 529 630 529
Nov. 525 526 519 512 522 532 536 522 520 522 525 526
Dec. 546 542 538 535 540 552 563 551 548 554 554 552

1842, {02 213m |20 214w | 45 213m | 6h 214w | g 214w |10n 2131120 21 4mi14h 21 §m 165°213m{180 21w 200 21 j» 290 21§
Janudly | 558 | 556 | 655 | 552 | 551 | 673 | 577 | 562 | 557 | 566 | 563 | 563

Feb. 585 579 577 571 573 583 596 585 581 586 592 585
March 569 560 557 557 563 576 573 563 564 570 572 573
April 610 604 603 598 606 623 617 601 597 610 612 612
4 May 614 610 606 605 621 629 618 604 606 615 617 619
June 649 652 645 638 649 661 651 639 636 649 652 653
July 687 692 685 686 698 713 700 684 677 690 696 700
August 701 694 695 692 711 721 702 . 688 689 699 703 702
Sept. 723 725 720 713 734 748 736 724 720 731 732 729
October 761 754 751 751 759 778 782 776 770 768 769 766
Nov. 779 773 771 768 | T 790 785 781 777 77 780 784
Dec. 780 777 775 773 716 790 797 788 777 778 781 782

1843, 08 213™ |20 213™ | 4" 204™ | 6b 214™ | 8h 214™ 106 214™ 120 211 142 214™ 162 214™(18% 21§=, 200 211 ™ 220 214»

January 818
Feb. 819
March 831
April 863 862 856 856 870 883 878 863 862 866 869 862
May 865 863 861 859 874 876 861 854 855 862 872 869
June 881 880 876 873 883 892 884 870 870 881 884 885
July 927 924 924 923 936 943 935 923 919 924 934 932
August 931 930 930 927 949 956 943 923 924 929 935 934
Sept. 971 970 965 960 980 993 984 969 971 973 973 969

1 The mean of 17 days is given; to refer it to a complete month subtract 19 divisions.
3 The mean of 19 days is given; to refer it to a complete month add 8 divisions,
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Hourly Series.

;(“‘ 21w 18 21gw : 20 014w 3 2] m ’ 40 213m 5h 213w Gh211m, u2]im gy 91 mign 21)m :101.21&‘.; 11h2]}m)
143, Divis.  Div's, © Div’s, © Divs. Div’s. © Div's, l Div's. I Div’s.; Div’s. | Div’s. | Divis. | Div’s.i
October | 953 978 1 Y80 078 876 | 978 } 977 | 9se 984 987 991 992
Nov, g8y 956 | 985 483 982 1 980 I eso | 983 987 991 993 993
Dec. 995 993 1 992 991 6B | 98T . 88T | 95T | 891 991 992 997
‘12” 211’!“‘ 13n2111im‘:14n21%m 15lv21ém 1(;“21.}""]7“21%““]8"21%"“;19"21.}"‘ 2”“21%“‘;21“2]-},"1 22!x2]%m§23h 21&\11
, . , : ; ; | ; ;
October = 991 954 HES 983 | 983 | 983 985 | 985 985 984 . 983 984
Nov. 901 989 487 4%6 984 985 1 9x6 986 | 987 957 | 988 988
Dec. 999 99% 996 993 991 990 1 992 995 995 995 | 907 | 998
15844, (o 2l§(li 10 214w 2621 e 36 21w 4 213w 5 21 m gh 214w 7h 21w 8h 214w | 9x 214w 110n 21%(n?11h 21%m
January 1007 . 3005 | lovd 1002 1000 1000 | 999 4949 1002 | 1005 | 1008 | 1011
Feb. 1031 1031 ¢ 1031 1029 1026 1026 1 1026 | 1028 § 1029 | 1030 | 1034 | 1036
March 1051 1049 | 1048 1047 1 1046 ¢ 1045 | 1046 © 1047 | 1052 | 1059 | 1061 | 1063
April 1070 T0g9 0 Iee8 o Te6h 1062 ¢ 1062 | 1065 0 1085 ¢ 1070 [ 1078 | 1082 | 1082
May 0 1065 - 1065 1083 1 1062 0 1062 0 1061 | 1061 1084 ! 1068 | 1074 | 1075 | 1070
June 01078 01077 0 1076 0 1077 0 1077 ¢ 1075 | 1073 0 1077 f 1080 | 1082 | 1084 | 1081
July 1102 0 1103 1105 | 1106 ¢ 1106 1 1105 | 1104 | 1lo4 | 1109 | 1116 | 1118 | 1114
August | 1133 1 1134 | 1134 °© 1134 | 1133 | 1181 | 1130 | 1135 | 1143 | 1152 | 1153 | 1147
Sept. ;1102 . 1102 1102 1103 | 1099 | 1101 ) 1100 | 1107 | 1117 | 1123 | 1127 | 1123
October © 1136 | 1132 | 1131 | 1127 | 1126 | 1128 | 1129 | 1134 | 1141 | 1347 | 1150 | 1145
Nov. | 1132 1131 1120 0 1128 ¢ 1127 0 1123 1 1124 1125 | 1130 | 1137 | 1143 | 1145
Dec. 1 1208 0 1203 | 1200 ¢ 1198 . 1196 | 1194 | 1190 | 1193 { 1194 | 1198 | 1209 | 1217
: ! ! ! | | ! !
120214 1321 L4t 214 150 211 P 161 214 170 21§ 180 21 3 190 21§ m{200 21 4™ 211 214™(220 21 ymi23h 21 4y
January 1009 | 1006 1 1003 999 998 F1000 | 1002 | 1003 [ 1003 | 1004 | 1005 | 1007
Feb. 335 jes2 Lote2s fode2s Do1o32 | 1081 | 1032 | 1033 ;1034 | 1033 | 1034 | 1033
March 1068 1og4 | 1087 10b0 ¢ 1053 1055 | 1055 ¢ 1054 | 1052 | 1053 | 1053 | 1052
April 1077 0 1072 1066 1 1082 ) 1064 | 1062 1 1068 1070 | 1071 | 1072 | 1069 | 1072
Muy Clogd 1007 0 1053 1 1053 ¢ 1051 | 1054 | 1059 | 1063 | 1064 | 1064 | 1063 | 1063
Juune | 1077 1072 1067 @ Joed ¢ 1065 | 1067 | 1071 1073 | 1075 | 1077 | 1077 | 1078
Juty L1106 1100 | 1086 | 1093 1 T092 1 1093 | 1096 | 1099 | 1101 | 1102 | 1103 | 1104
August | 1138 ° 1129 | 1121 1119 | 1121 | 1127 1134 | 1135 1136 1135 1136 1135
Sept. | 1118 0 1102 © 1086 | 1094 | 1095 ¢ 1009 | 1102 | 1104 ! 1105 | 1105 | 1106 | 1110
October | 1143 1138 1132 | 1133 . 1132 | 1136 | 1137 | 1137 | 1139 | 1136 | 1137 | 1134
Nov. 0 1142 ¢ 1141 1135, 1133 ) 1134 | 1134 | 1184 | 1139 | 1137 | 1134 | 1131 | 1135
Dec. 1207 1212 0 1207 | 1202 | 1197 | 1198 | 1199 | 1199 | 1199 | 1203 | 1203 | 1203
- ; - o : —
1845, 00 MELERT '2i§m on Q14w 3h 214w , 44 214m 50 2 4m | g 2] m 7h 21)m §n214m | gb 214m 100 214m 110 214y
- ; | i ; i
January @ 1234 1231 1 1232 0 1230 | 1228 | 1226 1225 | 1227 | 1231 1239 1245 1249
Feb. — © 1231 | 1233 | 1231 | 1229 | 12206 | 1226 | 1223 | 1227 | 1233 | 1237 | 1245 | 1248
March | 1235 123¢ . 1234 | 1235 ¢ 1234 | 1234 | 1230 © 1233 | 1241 | 1249 | 1255 | 1261
Aprit | 1235 1252 0 1251 | 1249 | 1247 | 1245 | 1243 | 1249 | 1257 | 1272 | 12682 | 1281
May p1244 1243 0 1241 ¢ 1240 ) 1236 0 1283 0 1230 1 1237 | 1249 | 1259 | 1260 | 1258
June 281 1 1281 | 1281 1 1280 | 1276 | 1274 | 1269 | 1273 | 1280 | 1291 | 1297 | 1296
| : ; \ " ;
(12021 130 2140 14021 m 150 214™ 160 21 4™ 170 214™ 180 211 190 214209 214 %|21R 21 ™ 22 21 jm 230 21 4m
January - 1246 | 1242 1239 1 1236 | 1234 | 1237 | 1238 1234 1233 1232 1232 1230
Feb. | 1250 | 1246 ; 1239 | 1235 | 1234 | 1232 | 1233 | 1235 | 1235 | 1231 | 1231 | 1232
March © 1260 | 1253 | 1245 5 1239 1 1240 1 1242 | 1244 | 1241 | 1240 | 1237 | 1240 | 1239
April ] 1273 | 1269 | 1257 | 1265 | 1251 | 1253 | 1256 | 1259 | 1259 | 1256 | 1253 | 1254
May 01251 | 1243 | 1287 | 1237 | 1287 | 1241 . 1246 1 1246 | 1246 | 1248 | 1246 | 1240
June ‘ 1289 | 1285 | 1276 ‘ 1274 | 1273 | 1276 | 1281 | 1265 | 1284 ) 1283 | 1282 | 1282
H { H i i
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TABLE V.—MONTHLY MEANS OF THE PRECEDING BiFILAR READINGS REFERRED TO A UNIFORM
TEMPERATURE AND CORRECTED FOR IRREGULARITY IN THE PROGRESSIVE CHANGE.

The column 184041 contains a double set of figures, the first are the monthly means directly obtained from
Table 1V, the second contains the means when the series is made continuous for the two breaks already
noticed. The mean difference between May and June (from four years) is 25 scale divisions, and between
December and January it is 22 scale divisions ; these corrections were applied in the second set of figures.

1840-1841. 18411842, 1842-1843. | 1843-1844. | 1841845, Monthly Mesns
Div’s, Div’s. Div’s. Div’s. | Divs. | Divs. of Series.
July 87 215 444 692 929 1103 677
August 128 256 495 700 934 1134 704
September 162 290 529 728 973 1106 725
October 154 282 529 765 984 1136 739
November 155 283 524 779 986 1134 741
December 196 324 548 781 993 1201 769
January 297—19 346 561 813 1003 1234 791
February 278 346 583 814 1031 1234 802
March 278 346 566 831 1053 1242 808
April 282 350 608 | 866 1069 1257 830
May 308 376 614 864 1063 1244 832
June 3934-8 401 648 880 1075 1281 857
Annual Means 318 * 554 793 1008 1192 773

The differences in the successive annual means indicate that the progressive
change may be assumed to have been uniform from year to year, and applying the
usual method we find an annual progressive change of 220 scale divisions.

Introduction of the Horizontal Intensity in absolute measure and separation of the
effect of the loss of Magnetism of the Bifilar bar from the effect due to the secular
change of the Horizontal Intensity.—Although some experiments were made to
determine the gradual loss of magnetism of the bar, as, for instance, in January,
1841, when the amount was found to be 0.9601 of the force in May, 1840, and
again in June, 1841, when the amount was 0.9686 of its amount in January, 1841,
yet the experiments do not extend over the whole period of observation, and con-
sequently we are obliged to deduce the effect of the secular change of the horizontal
intensity from other independent means, and, after converting it into scale divisions,
we can assign the proper proportion of what is due to secular change and to loss
of magnetism, in the whole progressive change of 220 scale divisions in a year.

In connection with the operations of the U. S. Coast Survey, Assistant Schott has
investigated® the secular change of the horizontal intensity at a number of stations
on the Atlantic and Pacific coasts. At several stations the results were subsequently
improved by a discussion of my observations for intensity, made in part in connection
with a magnetic survey of Pennsylvania, and also extending into adjoining States,
and, in one of the journeys, into Canada. From the complete material the values
in the following table of observed horizontal and total intensities have been collected.
The horizontal intensity X and the total intensity ¢ are expressed in absolute mea-
sure (grains and feet).

. ! Report to Superintendent, dated January 19, 1861.
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Nu. Year Observer. E Reference t’({g;xixvtr‘:xLc:xt;{::ilialues were X. ¢.
1 IRGH.0 ¢ Bache and Courtenay. | Trans. Amer. Phil. Soc., Vol. V, 1837. | 4.195 13.58
2 1836.7 . Bache. 4.159 13.46
K 18345 . Loomis. Trans. Amer. Phil. Soc., Vol. VIIL 4.149 13.41
4 1 Is4009 i Bache. L L, 13.41
5 0 1s4l.hb | Locke. Phil. Trans. Roy. Soc., 1846. 4.172 13.51
[ 1841.8 ‘ Bache. 1. 13.46
PR T N | Locke. Phil. Trans. Roy. Soec., 1846. 4.174 13.52
¥ In42.8 i Lefroy. “ “ © “ “ 4.176 13.50
9 1 Ix436 | Bache. 4.172 13.46
1 . 18445 0 Locke. Phil. Trans. Roy. Soc., 1846, 4.162 | 13.47
11 1 18464 | Locke. U. 8. Coast Survey Records. 4143 | 13.42
20 IRLLLY i Schott. “ “ “ “ 4.226 ! 13.89
3o 1866 | Schott. « “ “ “ 4.088 | 13.30

The first three observations were not made at the Girard College grounds; and
it appears from Prof. Loomis’ observation when compared with Dr. Locke’s, that a
correction of 0.023 in the value of X should be added to these; to the twelfth observa-
tion 1 have assigned only half weight; it was probably made during a disturbance.
From the general discussion an annual diminution in the horizontal force of 0.0011
parts was deduced for a number of stations on the Atlantic coast. At Toronto (vol.
I of General Sabine’s Discussion) the annual decrease was found 0.0010 in parts
of the horizontal force. Being somewhat guided by these results, after several
trials, the following combination of the results in the table has been adopted, as
perhiaps best representing the values for the time during which the Girard College
observations were made, these latter being merely of a differential character:—

Combination. Mean epoch. Mean horiz’l int. X.
1, 2, 38 1837.1 4.191

5 % 8 9 1842.6 4.174
10, 11, 12, 13 1852.3 4.145

The annual diminution of X is 0.0030, or, when expressed in parts of the hori-
zontal force, = 0.0007; its equivalent in scale divisions is 19.2. The total annual
change was found to be 220 scale divisions; hence, 200.8 scale divisions of annual
change is due to loss of magnetism of the bar,

The mean epoch is 1844.0, and the corresponding mean X = 4.170; the mecan
epoch of the observation taken at the Girard College, is January, 1843, for which,
therefore, the mean value of X' = 4.173. This value has been adopted whenever
it was desirable to introduce the horizontal force in absolute measure.

Separation of the Larger Disturbances—The observations having been referred
to a uniform temperature, and corrected for progressive change, Peirce’s criterion
was applied separately to each month. For this purpose, a systematic application
was made extending over the whole scries of observations, commencing with the
hour 0 and the month of July, next with the hour 2 and August, followed by hour
4 and September, and so on in regular progression. This process eliminates from
the result the diurnal variation and the annual variation of the disturbances them-
selves. The value for 0" in July, 1840, was omitted as affected by two very large
disturbances.  The following table shows the limiting value of difference from the

* Added while this paper is passing through the press.
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mean (the monthly mean for the respective hour), also the number of observations
in each year subjected to the process:—

LIMITS OF REJECTION BY PEIRCE'S CRITERION.

Div’s.
1840-41 ex = 53 = 241
184142 ¢ 44 312
184243 # 37 309
184344 4 28 313
184445 i 33 313

Mean value 39 Sum 1488

The limiting value derived from nearly 1,500 observations is 39 scale divisions,
and the separate annual values show plainly the effect of the eleven (ten?) year
period, the year 1843-4 being a minimum year. Certain limits in the adoption of
a separating value are allowable, and upon trial as to the actual number of disturb-
ances separated, the value 33 scale divisions was finally adopted. Any observation
differing 33 divisions or more from its respective monthly mean, was therefore
marked and excluded from the mean. 33 divisions equal 0.0012 parts of the hori-
zontal force, and in the value of the absolute scale it amounts to 0.005. At Toronto
the limiting value was 14 divisions, = 0.0012 parts of the horizontal force, equal
to 0.004 in the absolute scale. (Vol. III of the Toronto Obser’s.)

Tasre VI.—SHows THE NUMBER OF OBSERVATIONS AND THE NUMBER OF THE LARGER Dis-
TURBANCES SEPARATED BY THE VALUE 33, As THE LIMIT, FOR EACH MONTH, YEAR, AND THE
‘WHOLE PERIOD.

1540—1841. 1841—1842. 1842—1843. 1843—1844. 18441545,
MoxTH.

Obser’s. Dist’s. Obser's. Dist’s. Obser’s. ‘Dist’s. Obser’s. Dist’s. Obser’s. Dist's.
July . . . . 323 165 323 26 308 24 312 15 648 0
August . . . 308 73 312 17 321 3 324 11 648 4
September . . 312 54 310 41 308 44 312 16 600 27
October . . . 323 68 308 28 310 53 624 3 648 32
November . . 293 49 312 32 312 15 624 1 624 42
December . . 321 120 323 26 323 5 624 0 624 46
January . . . 201 23 311 14 268 0 646 3 648 27
February . . 288 50 287 37 244 1 600 5 576 18
March . « . 320 62 323 26 275 1 624 29 624 3
April. . o+ . 309 48 309 38 300 14 624 16 624 33
May « « « . 310 46 300 29 324 25 648 3 648 19
June . . . 2252 13 311 16 312 4 600 0 600 56
Sums. . . . 35338 770 3729 330 2895 189 6562 102 7512 307

Ratio. . . . |1 dist. in 4.6 ob’s.|1 dist. in 11.3 ob’s.|1 dist. in 15.3 ob’s.|1 dist. in 64.3 ob’s.|1 dist. in 24.4 ob's.

Total number of observations . . . . . 24,231
Total number of distarbances . . . . . 1,698

The limiting value separated, therefore, one in every 14.3 observations. At
Toronto one in every 12.5 was marked as a disturbance.

! In 17 days. 3 One observation a day. % One observation a day.
£ In 19 days. ¢ One observation a day.
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The larger disturbances having been excluded, new monthly means were taken,
and the process was repeated several times, when required, until all readings differ-
ing 33 scale divisions or more had been excluded; the final means constitute the
normals as given in the following table :—

TaprLe VIT.—Mo~ntnny NorMAL or THE Di-HoURLY AND HourRLy READINGS OF THE BIFILAR
MAaGNETOMETER REDUCED T A NORMAL TEMPERATURE AND CORRECTED FOR IRREGULARITY IN
THE PROGRESSIVE CHANGE.

Philadetphia time (A M) (. M)

] i i "
H i !
PR 22m 2k 92w 40 20w ¢ s 90m T gR 99w ] (1 22m 194 29m ! 14h 29m ]4L 22m | 18h 29u ! 901 29m | 994 9m

140, Divis.  Divis. - Divis. Divise Divse  Divse  Div’s,  Div’s. . Div’s. | Div’s. | Div's. | Div’s.
July 13 oy s s0 112 116 94 B9 . 52 1 92 93 | o108
August 10 1z 17 10 135 153 134 103 . 111 | 14 | 121 126
September. 1535 147 130 141 180 202 177 155 153 158 | 157 150
October 142 137 122 13x 153 166 159 158 148 146 | 148 151
November 155 150 144 133 144 154 | 175 157 1 151 148 | 144 160
December 194 18 176 166 178 2us 1217 193 . 182 185 1 200 194

1841, (220 20 23m g 20m gh @m0 gl 2w 106 200 120 20m 140 22m ) 168 22w Ixh 22m 2unzzm§22h2zm

- i I
Janmuary! R 300 204 284 281 1 302 . 326 311 1 289 296 1 301 302
February 264 261 264 207 265 258 1297 289 1 275 274 275 273
Marcly 2i5m 72 267 . 257 127 204 1 286 267 1 268 282 1 264 272
April 273 27t 262 262 283 817 315 279 | 268 | 271 | 283 280
Mav 311 nH B0 207 1306 823, 313 L 301 . 294 | 306 | 30y 313
June? 392 300 393 8¢ | 400 401 ¢ 395 | 382 | 385 | 392 | 402 392
July 442 2 4% 435 44T 4psDod4dh | 428 450 | 44 448 439
Ausust 40 44 487 482 50l 518 5021 483 0 483 497 . 500 495
September  H10 S 515 Bus 531 BZOTOBST G 516 1 519 520 . 515 515
Oetobpr 521 517 Bl 514 | 526 537 547 | B30 0 mes o527 1 B9 598
Novemwher 19 i 515 5041 Bls 520 531 1 bHi4 518 0 bI3 1 516 518
December 546 54l GRS 535 1 53T HES b62 1 544 0 545 | 4T . 550 552

T4 00 21Em 22w gh 2 g 2] 4w & 215n*101:15nx1:ﬁ21;nr14h21§nx16v21;nf1>n215n\20v215nﬂ22h21;u
Janunary h61 556 N Hh3 573 0 BT i b9 64 564 563 H64
February 5y 573 567 558 F 582 B8Y | 578 578 550 | 590 578
March 55 550 1 BHT | Bhd 563 574 | 575 | 561 565 571 1 ByT 566
April 5G 598 1 BOT | 504 604 1620 618 1 603 5938 607 608 611
May 614 610 | 611 1 605 o 621 0 630 0 622 ¢ 608 607 615 618 619
June 640 1 692 1 646 1 638 649 0 639 650 1 639 638 649 648 650
July 642 GS6 1 682 1 678 695 1 W08 L 700 | 680 677 690 694 700
Augnst 609 694 | 69h 692 711 721 0 700 - 688 689 701 703 702
September 726 TRy 722 0 17 730 L 750 737 730 727 737 737 | 734
October Tk TN THT L TRT 764 | 781 . B3 776 776 768 769 | 764
November 774 oL TTL o 68 L TIT L 789 78T L sl 778 775 776 776
December a0 TITO T T | Tie | 190 | 795 | s 773 776 781 782

1843, On 20 3m 20 214w 40 LI Gh 214w 8 21 Je 10M2] m 12021 4 m 14021 3 m 160213 18821 § ] 2002] 4m 22021 Am

January i | ‘ i 818
February | 5 ‘ 817
March ‘ i i 829
April bogel 186l 854 | 854 868 883 878 863 860 861 865 859
May bosgL L 862 8§58 { 857 | 875 g 872 864 | &55 856 862 &67 863
June [ 881 | 879 876 | 873 1 883 | RO4 884 870 870 881 881 885
July L0927 1 92 924 | 923 i 435 1 941 934 923 916 221 928 931
August ‘ 031 | 930 931 : 927 ’ 947 | 954 938 0921 924 929 932 933
Septewber | 974 | 96T | 963 | 860 | 9s0 | 9e2 | 95 | 972 | 072 | 075 | oT4 | 93

! The mean of 17 days. . 2 The mean of 19 days.
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Hourly Scries.

| ] | i | |
0% 214=1 1% 214w| 2% 214w 30 21Jmf 40 214ml 5b A4 G0 13w Th 213w gh 214w G0 21)m{10'21§m 110213

%1 . . . : H s | - - 0 .
1843, Div’s. | Div’s. | Div’s. | Div's. | Div’s. | Div’s. | Div’s. | Div’s. | Div’s. | Div's. | Div’s. iDlv’s.

October 983 978 983 978 976 978 977 980 983 987 991 992
November | 987 9806 985 983 082 980 980 983 987 991 992 993
December | 995 993 992 991 989 987 987 987 991 991 992 997

12821313521 3 14421 115421 Jm 16021 17421 §» 18021 3w 19421 §|20021 4 21421} 221.21%‘,.;23@15,.,

October 991 989 985 983 983 | 983 985 985 985 988 983 984

November | 991 989 987 986 984 985 986 986 987 987 988 988
December | 949 998 996 993 991 990 992 995 995 995 997 998

1844. | 0% 214w 1» 21w 20 21w 34 21 m) 40 214w 5b 213w| 6b 21 3= b 21}w| 8 21 jm) 9 21§ 10°21§= 110214

January 1006 1005 1004 | 1002 1000 1000 999 999 1002 1005 1608 1011
February | 1031 1031 1031 1029 1026 1026 1026 1028 1029 1030 1034 1034

March 1048 1047 | 1046 | 1046 | 1046 | 1043 | 1043 | 1047 | 1050 | 1054 | 1057 | 1063
April 1070 | 1069 | 1068 | 1065 1063 | 1062 | 1064 | 1061 1067 | 1074 | 1078 1078
May 1065 1065 1063 | 1062 | 1062 | 1061 1061 1064 | 1068 1076 1077 | 1070
June 1078 | 1077 | 1076 | 1077 | 1077 | 1075 1073 | 1077 | 1080 | 1082 | 1084 | 1081
July 1102 | 1103 | 1105 | 1106 | 1106 | 1105 1104 | 1104 | 1108 | 1116 1118 | 1114

August 1133 1134 | 1134 | 1133 1133 1131 1130 1135 1143 1152 1153 1147
September | 1106 1104 | 1107 1105 1101 1101 1100 1107 1117 1125 1128 1125
October 1133 1132 | 1131 1127 1124 | 1125 1129 1134 | 1141 1149 1152 1145
November | 1131 1130 | 1127 1126 1125 1123 | 1122 | 1125 1130 1135 1138 1142
December | 1213 1202 | 1200 | 1198 1106 1194 | 1190 1193 1194 1187 | 1209 1217

12!121115m 13):21%1!114'121%1:1;151.2] im 16‘u21%m;171;21ém;lghzl‘}m'lgh21;mlz(.hzl_Bm 211:21%1))}22. 21 %ng 21%!

January 1009 1006 1003 | 999 998 1000 | 1002 1003 1003 | 1004 | 1004 | 1005
February | 1035 1032 | 1028 1028 1030 | 1031 1032 | 1033 | 1034 1033 1032 | 1030

March 1063 1061 1057 1050 | 1051 1050 1050 | 1052 | 1050 | 1048 | 1050 ; 1048
April 1077 1071 1066 1062 | 1064 | 1062 | 1068 | 1068 | 1071 1071 1068 1069
May 1064 | 1057 | 1053 1053 | 1051 1054 | 1059 1063 1064 | 1064 | 1065 1063
June 1077 1072 | 1067 1065 1065 1067 1071 1073 | 1075 1077 1077 1078
July 1106 1100 | 1096 | 1093 1092 | 1093 | 1096 | 1099 1101 1102 | 1103 | 1104

Aungust 1138 | 1129 | 1121 1119 1121 1127 | 1134 | 1135 | 1135 | 1134 | 1135 1135
September! 1115 1104 | 1097 | 1095 1095 | 1100 | 1102 | 1104 | 1104 | 1108 | 1107 | 1108
October 1145 1137 | 1134 | 1130 | 1132 | 1134 | 1135 | 1137 | 1138 | 1134 | 1137 | 1135
November | 1136 | 1133 | 1129 | 1127 | 1124 | 1131 1128 | 1129 | 1130 | 1130 | 1131 | 1131
December | 1220 | 1212 | 1209 | 1202 | 1201 | 1201 1203 | 1198 | 1200 | 1204 | 1206 | 1206

1845, | 0% 214m) 10 214m] 26 213 36 214w 4v 214w 5b 21 m) 65 214w 7h 21jm| 8 21§ 90 21jm 1082 1= 114214

January 1233 | 1228 1231 1230 | 1228 | 1226 1225 1226 1231 1241 1248 1252
February | 1230 | 1230 | 1231 1229 1229 1226 1223 | 1227 | 1231 1236 | 1243 1244

March 1236 | 1236 | 1234 | 1235 | 1234 | 1234 | 1231 | 1233 | 1241 1249 | 1255 | 1261
April 1252 | 1250 | 1249 | 1247 1245 11243 | 1241 1244 | 1253 | 1268 | 1278 | 1261
May 1244 | 1243 | 1241 | 1239 ¢ 1236 | 1233 | 1229 | 1236 | 1251 1261 | 1262 | 1258
June 1280 | 1281 | 1281 | 1281 | 1275 | 1271 1266 | 1273 | 1282 | 1293 | 1295 | 1292

i

12621 4m 13521 Jm 14621 /15721 Jm( 16821 jm 17521 4w (18621 §m[ 19521 §m|2021 (21221 §= 22021 §m 23021 4

Januaary 1249 | 1242 | 1239 | 1233 | 1229 | 1230 | 1233 | 1231 | 1230 | 1230 | 1229 | 1229
February | 1250 | 1242 | 1238 | 1231 | 1233 | 1229 | 1231 | 1233 | 1235 1231 1231 | 1232

March 1260 | 1253 | 1245 | 1239 | 1240 | 1242 | 1244 | 1240 | 1239 | 1237 | 1240 | 1239
April 1268 | 1267 | 1255 | 1252 | 1248 | 1253 | 1256 | 1254 | 1254 | 1253 | 1250 | 1254
May 1253 | 1244 | 1238 | 1236 | 1237 | 1239 | 1245 | 1246 | 1246 | 1248 | 1247 | 1242
June 1286 | 1280 | 1272 | 1269 | 1269 | 1273 | 1278 | 1281 | 1280 | 1277 | 1279 1280

Increase of scale readings corresponds to decrease of force. Value of one divi-
sion of the scale = 0.0000365 parts of the horizontal force, or in the absolute scale
equal to 0.0001523. '

Investigation of the Eleven Year (also called Ten Year) Period, as shown in the
Changes of the Amplitude of the Solar Diurnal Variation of the Horizontal Force.—
The variation in the amplitude of the diurnal motion of the horizontal force is
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subject to the same incquality of about eleven years as the declination, and the
means of investigation will be analogous to those used in Part 1 of this discussion.
For grcater convenlence, the preceding monthly normals were united into annual
means and the results put into an analyvtical form, using Bessel’s funetion applicable
to periodical phenomena, and determining the numerical quantity by the application
of the method of least squares.

In the following table of the regular solar diurnal variation of the horizontal force
the means for 1842-43 depend only on nine months of observation; the correction
given to refer them to twelve months of observation depends on the mean difference
between the results of the same nine months and twelve months of the preceding
and following year; this correction is nearly constant and the same within one scale
division for the adjacent years. In the scecond corrected column for 1842-43 the
effeet of the annual inequality is thus eliminated.  In the year 1843-44 the results
from nine months of observation at the odd hours were reduced to twelve months
by means of corresponding differences in the series of even hours; thus (omitting
the minutes) at hour 2, mean of 12 months = 1006, mecan of 9 months = 1028; at
hour 3 for the same 9 months, mean = 1026, or 2 divisions less; at hour 3 for
12 months the mean is therefore 1004, and the same result is found by comparing
with the following hour 4; the mean is given in case of a difference in the two
results.

TapLE V1IL—REGULAR SoLAR DITRNAL VARIATION OF THE HOR1ZONTAL FORCE FOR EACH
YEAR OF OBSERVATION EXPRESSED IN ScALE DIVISIONS.
Inereased numbers indicate decrease of force. The minutes at the head of each column are to be added to
the hours given in the first vertical column. Kach year commences with the month of July,

S EY IR 18442, 84243 (9 W'ths) Coppec. | 1842-43. 184044, 184445,

Hour of the 2w 213w i 211w ; tion. | 21im 214m 214m
day.

’ Div's. Div’s. I Divs. ¢ Divis. Div's. [ Div’s. Div’s.
0 (A My, 549 782 [ £:1 1008 1191
1 i | 1007 1184
2 219 548 780 +6 786 1006 1189
3 1004 1188
4 214 545 Vire +-6 783 1003 1186
b 1002 1184
6 206 542 4 46 780 1002 1182
7 1005 1186
8 226 552 788 -+5 793 1010 1194
9 1013 1202
10 244 564 799 =45 804 1017 12086
11 1016 1207
12 (P. M.) 241 563 792 +6 | 798 1014 1202
13 | 1010 1195
14 221 547 781 +7 788 1005 1189
15 1002 1186
16 215 547 718 +7 785 1002 1185
17 1004 1188
18 222 553 783 +7 790 1006 1190
19 1008 1191
20 225 554 786 +-7 793 1008 1191
21 1009 1191
22 227 553 785 +-6 791 1008 1191
23 1008 1191

Mean. |  223.5 551.5 789.9 1007.4 ; 1191.4

1 t 1
(Philadelphia local time, counted from midnight to midnight, 24 hours.)
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The preceding mean diurnal variations were put in the following analytical form,

in which the angle § counts from midnight at the rate of 15° an hour.

Year 184041 H = 2238.5 4 598 sin (0 4 252° 14’) 4 110,68 sin (2 § - 121° 167) 4 51.89 sin (3 6 4 314° 421)
« 1841-42 H= 5515 + 4.03 sin (84 244 07) 4 6.58 sin (204 131 32) 4 4.48 sin (364 312 19)
¢ 184243 H= 1789.9 4 4.14 sin (6 4 250 06) 4 7.07 sin (20 + 132 24) + 3.74 sin (364 323 06)
“ 1843 44 H =1007.4 + 2.14 sin (84 273 55) 4 5.09 sin (20 + 128 58) -+ 2.35 sin (36 + 317 58)
% 184445 H = 1191.4 - 4.40 sin (8 + 271 13) 4 6.86 sin (264123 25) + 4.11 sin (364 321 26)

To show the degree of correspondence in the formule when deduced from the
observations of the even and odd hours separately, the results for the last year have

been added, viz:—

Even hours H = 11914.3 4 49.20 sin (8 4 271° 28/) 4 68.98 sin (2 8 4 122° 36") 4 4211 sin (3 8 4 322° 35")
Odd hours H = 1191.5 -+ 4.60 sin (8 4 270 59) 4 6.73 sin (264 124 13) 4+ 4.12 sin (304 320 17)

The close agreement between the observed and computed values is shown gene-

rally in the annexed diagram.

(A).—~INEQUALITY IN THE DivBNAL VARIATION OF THE HoRIZONTAL INTENSITY.

204 div. 7T 7T 77 LSRR S R | T T T T LA — 7T~
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. ] \L/ <
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43 36 1 ]
47 40 _’/’—\ /"\ ;
1 44 — \//
55 248 774 | s j
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94 | ’ g i
98 \ , . ]
999 8§02 - / ‘ ]
3 06 /{‘\ /'\ h
1007 e ~a oe~—
1 4 \ / ]
15 79 - 4
1019 83 /\ “ ]
87 - -
1191 - / .
95 ]
99 1 1
1203 1 ’
07 -
] L 1 1 4 1 1 1 L L3 i 3 4 L L 1L 3 2 A A

ot 1 2345 67 8 91011121314 151617181920 21222324
A, M. P. M.
Philadelphia local time.

The following table exhibits the differences for the year 1842-43, as
of the numerical correspondence.

Increase of
horz. force.
B>

[y
[0 ]
b
E

1841-42,

1842-43.

1843-44.

|

Decrease of
horz. force.
3

an example
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A M Computed. Observed. C—0. P. M Computed. Observed. - C—0.
o 214 TENT 788 407 P12w 214 799.5 L1981 4Lb
2 - YEUR Ts6 0 406 14 , T87.6 LooTss L —0d
4 0« mL3 T3 —L7T 16 % 845 L 85 | —0.5
¢ ¢ ‘ 751.2 P00 412 S | 790.2 I £ TURNEN S S )
&« I T82.5 793 | —0.5 20 ¢ i 792.9 : 793 ‘ —0.1
10« 803.3 ! 804 ! —U.7 22« 720.5 Eoonel ’ —05

The differences, using three terms in the equations, are within the uncertainty
of the observed values.  The probable crror of a single representation is + 0.6 scale
divisions, or + 0.00009 in the absolute scale.

The curves show a double progression in the daily motion, with a principal
maximum of horizontal force in the morning, a principal minimum before noon,
aud a secondary maximum in the afternoon; the precise epochs (to the nearest five
minutes) and extreme values were computed by means of the preceding formulee.

Prineipal A M. Maxi-  Principal A, M. mini- i i Secondary P. M. maxi-
Year. I mnmpof hor. force. . mut of hor. force. | Diurnal range in i mum of hor. force. Less than|
From dnly te ! S : N A M
July. ‘ ; . | . T max. by
; Epoch. | Amount. Epoch. | Amouant. | Scale ; Parts of hori-  Value in . Epochs. | Amount. div’s.
! Diviae, : Divis. div's. 1 zuuotal force.  absol. scale. L Div's, |
i
Ind0-41 | A diw 2073 1 om o 246.1 ¢ 38.8 0 (.00142  0.0059 | 4n 05 213.5 2

6
I4t-42 0 K oH0 o DALY 11 b Y HR 23.8 | 0.00087 0.0036 = 3 50 ‘ 545.1 | 3.4
184243 1 b 30 TTOR 1065 £013.9 24.1 1 0.00088 . 0.0037 {3 50 TR0 4.2
=444 ¢ b 40 1007 10 50 1016.9 15.2 © 0.00055  © 0.0023 4 0 ! 1002.0 | 0.3
14445 | 5 40 1182.4 10 50 1206.6 24.2  0.00058 0.0.37 4 0 @ 1184.8 2.4

Mean | 5 41 10056 , l L o038 - 3 57

The sccondary maximum is reached about 8" 30™ P. M. with a comparatively
small range.

The mean value of the foree is attained about 7" 55™ A. M., and again about
1t 55™ P. M., with considerable regularity ; it is again reached at 63 and 111" P. M.,
though with less regularity.

At Toronto (sce Vol. II. of the Toronto Observations) the diurnal variation of
the horizontal force has a principal maximum at a little after 4 P. M., and a prin-
cipal minimum at 10 or 11 A. M.; the secondary maximum occurs about 6 A. M.
There is, thercfore, this specific difference in the diurnal motion at these two
stations: in that at Philadclphia the moming maximum is the higher of the two,
while at Toronto it is the afternoon maximum. The difference between the two
maxima, as shown above, is almost nothing in the minimum year 1843-44, but
increases before (and after) this cpoch in proportion to the interval. At Toronto
the daily range seems to be slightly greater.  The sccondary minimum at Toronto
occurs about 2 or 3 A. M., or about six hours later than at Philadelphia; this is a
second though less significant point of difference.

The minimum daily range occurs in 1843-44; its value is then less than one-half
what it was in 1840-41.

The following equation expresses the mean diurnal range in scale divisions:—

R= 4 1968 —3.18 (t — 1843) + 2.77 (¢t — 1843)%
It represents the observed values as follows:—
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Observed range.  Computed range.

January, 1841 . . . . . . . 388 38.3
“ 1842 . . . . . . . 23.8 26.2
“ 1843 . . . . . . . 241 19.7
“ 1844 . . . . . . . 152 18.7
“ 1845 . . . . . . . 242 23.2

The minimum range as given by the formula is in September, 1843. In Part L.
of the discussion we found the minimum range of the declination in May, 1843,
and the minimum from the disturbances of the declination in August, 1843.

Before proceeding to the discussion of the disturbances in the horizontal force,
the formula given for the diurnal variation require to be put in a different form for
future use and for convenience of comparison with other places.

The scale divisions were multiplied by the value of one division of the scale
(0.0000365), and again by the value of X found for the year; the numerical constant
was replaced by X and the angular quantities were changed by 180° so as to make
increasing numbers correspond to increase of force; we then obtain in absolute
measure the following expressions for the regular solar-diurnal variation of the
horizontal force at the Girard College:—

Year 1840-41 H = 4,178 4 0,00091 sin (8 -} 72> 14’) 4- 0.00178 sin (2 84 301°167) - 0.00090 sin (3 8 - 134°42)

“ 1841-42 H =< 4.175 -} 0.00061 sin (84 64 07) 4 0.00100 sin (2 64 311 32) 4 0.00069 sin (384132 19)

% 184243 H==4.173 4+ 0.00063 sin (8 4 70 06 ) 4 0.00108 sin (2 8 -+ 312 24 ) 4 0.C0057 sin (3 84143 06)

¢ 1843-44 H =4.170 4 0.00033 sin (94 93 55) 4 0.00078 sin (2 6 4 308 58) - 0.00036 sin (3 84137 58)

“ 184445 H =4.168 4 0.00067 sin (8 + 91 13 4 0.00104 sin (2 6+ 303 25 ) - 0.00063 sin (3 8+ 141 26)
The angle 8 counts from midnight ; the middle epoch to which each equation refers is January.

Iwvestigation of the Eleven (Ten?) Year Inequality in the Disturbances of the
Horizontal Magnetic Force.—In Table V1. the number of disturbances in each month
has been given as found from the observations; these numbers are, however, not
directly comparable with one another, first, on account of some omissions in the
record, and secondly, on account of the change from a bi-hourly to an hourly series.
Yor any incomplete month the number of disturbances for the whole month is
obtained by simple proportion from the number during the part of the month re-
corded ; for January, 1841, the total number becomes 35, for June, 1841 the total
number is 18. For January, February, and March, 1843, the mean total number
of the disturbances, as found in the same months in the preceding and follow-
ing year, was substituted; this mean gave 8, 20, and 20, respectively. The num-
ber of disturbances after October, 1843, were halved to make them comparable
with the bi-hourly series. There were two anomalous months, July and December,
1840, in which the disturbances amount to 165 and 120, with an annual mean of
64, whereas in the same months in the following year they only amount to 26 and
26 respectively, with an annual mean of 27; the mean annual difference 37 was
applied to the numbers found in 1841, which give 63 and 63 as a substitute for the
anomalous values in July and December, 1840. This anomaly does not exist in
the phenomenon itself, but is unquestionably due to the irregularity in the pro-
gressive change. '

Table IX. contains the number of disturbances as distributed over the several

years and months, all referred to a uniform series of bi-hourly observations. To
4
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thix table the monthly means and their ratio, when compared with the annmal mean,
iuve been added ;) adso, for comparisou, the corresponding ratios found in Part 1. of

the discussion of the disturbances of the declination.

MONTIL Cisdieil. 1841420 184243, | 1843-44. 184645, | Mean. Hor. force. |, Declination.
; : : : Ratiu. Ratio.
July () 26 24 15| o 1 26 1.09 0.86
August 7 17 3 11y 2 | 21 0.89 1.59
September b1 41 44 1 013 a4 1.43% 1.35
October . .. LS 28 53 2 0 16 | 33 1.39 2.12%
Novewmber t49 32 15 0 21 : 24 1.00 1.08
December (63) 26 5 o 123 1 23 1 09 1.00
January . . . 35 14 & 1 13 0 14 0,59 0.77
February . . . . 50 37 200 | 3 9 1 24 | 1.00 0.52
March . . 61 20 P{UN 14 2 | 25 1.06 0.68
April . . 48 2 14 8 16 2 1.06 0.9
Miy L 46 30 25 2 10 23 .97 0.58
June 18 16 4 0 28 13 0.55¥% 0.53%
Sunis 625 B30 235 72 153 285 12.00 12.00
Mean [ 28 20 6 13 24

I the colomns of ratios the principal maxima and minima are indicated by an asterisk.
The annual means exhibit plainly the cleven year inequality; they have been
represented by the formula:—

N = 4+ 144 —10.2 (t — 1843) + 4.8 (1 — 1843)2

Observed N. Computed N.

January, 1841 . . . . . . b2 54
“ 18432 . . . . . . .28 29
“ 1%43 . . . . . . .20 14
“ 1844 . . . . . . . 6 9
“ 1845 . . . . . . . 13 13

According to the formula, the mininum oceurs in January, 1844.

We have next to consider the eleven year inequality in the magnitude of the
disturbances of the horizontal force. Table X. contains the aggregate amount
of the disturbances expressed in scale divisions, and also their mean amount obtained
by application of the number of disturbances already given in Table VI,

For reasons already explained, the amount of disturbances in July, 1840, equal
to 10761 scale divisions, has been diminished in the ratio of 165 : 63, The ratio of
cach monthly mean to the mean amount of the year is also given, together with a
column of corresponding ratios derived from the disturbances of the declination, as
made out in Part 1. of the discussion.
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TABLE X.——AGGREGATE AND MEAN AMOUNT OF THE DISTURBANCES OF THE IIoRIZONTAL FORCE.
EXxpressEDp IN SCALE Divisions,
MONTH. 184041 | IS4 | 15043 | 184344 | 1saeeds, | Menn Hor. foree. Declination.
July « « . o . o o] (4089 1157 1295 659 0 56 1.10 0.87
August . . . . . .| 4084 755 131 471 142 52 1.03 1.61
September . . . . . 3092 3075 2099 660 1228 56 1.11% 1.56
October e e e . 3720 1284 2399 169 1412 49 0.97 2.06%
November . . . . .| 2340 1991 915 34 2173 64 1.06 1.06
December . . . . . GhH1hH 122 239 0 2283 52 1.03 1.00
January . . . . . . 1186 601 0 111 1402 49 0.97 0.72
Febrnary . . . . . . 2664 1822 44 200 806 50 0.99 0.54
March. . . . ., . . 3112 1176 39 1412 127 49 0.97 0.66
April . + .+ . . . . 2138 2075 676 861 1604 49 0.97 0.94
May . « « « o + & 2456 1211 1187 131 789 47 0.93 0.56
June . . e e e s 560 794 164 0 2390 44 0.87% 0.42%
Mean amount 53.9 52.0; 48.6 46.3§ 46.8 1 50.6 1.00 1.00

Maxima and minima in the columns of ratios are marked with an asterisk.

The incquality in the mean amount of the horizontal force disturbances in each
year, indicates the year 1843-44 as the minimum year.

From the preceding results, we may assume the month of November, 1843, as
the epoch for the minimum of the eleven (ten?) year inequality, as far as indicated
by the differential observations of the horizontal force.

Further Analysis of the Disturbances of the Horizontal Force.—The distribution
of the disturbances in number and mean amount over the scveral months of the
year has been given in Tables IX. and X. From Table IX. we learn that the
disturbances are greatest in number in September and March or April, or about the
time of the equinoxes, and least in number about January and June, or about the
time of the solstices. At the autumnal equinox the numbers exceed those of the
vernal equinox ; the same law was found at Toronto; also the numbers are smaller
at the summer solstice than at the winter solstice, in perfect accordance with the
result found at Toronto. These results are shown graphically on the ammexed dia-
gram, which contains also the ratio of the disturbances for the declination in which
the same law is apparent.

(B).—DisTRIBUTION OF THE NUMBER OF DISTUBBANCES IN THE SEVERAL MoNTHS oF THE YEAR.
Full line for horizontal force. Dotted line for declination.
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Table NX. shows that, in reference to the average magnitude of the disturb-
ances, the same law holds good, viz: the greatest relative magnitude occurring
about the thne of the equinoxes; the greatest amount corresponding to the autumnal
equitiox, and the Ieast to about the time of the solstices, the smaller amount oceur-
ring near the summer solstice. The average magnitude of the disturbances of the
declination was found subject to the same law,

If we separate the disturbances which incerease the foree from those which decrease
1, we may form the two following tables of the distribution of the disturbances in
uwmber and average amount over the several months of the years.

TaBre XNI.—ANNTAL INEQUALITY IN THE NUMBER OF DISTURBANCES, INCREASING AND
DecreasinG THE HoRrizoNtal Forcs.

A DL PR N Ryt 184947 1 1845-4d 1addogs | Sum. | Ratios,
fuc Dee tne, Dec. Ine Dece., Tne Dee Inc. ¢ Dec. Tice, Dee. ! Ine. © Dec.
Juty (3%) 1 (25) t 20 5 o1 14 o 00 50 78 112 1.0
Ansast 18 55 6 i1 2 2 o .2 27 79 07 Lo
Septowber 25 1 2 0 51 36 R 006 0011 59 4 0 es 80 23* 114
Detober Ix 500 0 10 17 57 16 D1 1 § | & wh 92 1.8 12
November 13 0 36 0 1 0 Ul 4 11 8] i 0 a1 ;18 99t 0.4 1 1.a¥
December (20 (5=} & 1= 0 b o { 15 8 4% 69 1.1 08
January ) SLENE S R N &+ 3 b 0 1+ 3 - 103 401 0.8 1 0.6
February ST T B OO R S0 2 1= 0 3 o 21 9% 1 0h \ 1.2
Miareh 1T 44 i 16 A Y { 401 01 31 42 0.8 1.2
Aprit I~ 30 14 24 1 13 1 7 o 1 18 . 34 90 0.8 1 1.2
May 222 I 13 1o 15 1 1 5 1 5 1 56 o6 113 0T
June i [ [ [} e 1 3 0 0 T2t 23 43 | 0.6% | 0.6%
Suwm I AU T A 51 237 10p 130 17 55 48 10 502 916 112.0 [12.0

; ] ‘ _;

In cach vear the number of disturbances increasing the force is less than the
number which deereases it: the numbers of increase are to the numbers of decrease
as 1: 1.8, The numbers of the monthly ratio for the increasing disturbances exhibit
the same law as found in Table IXU: with respect to the numbers for the
deereasing foree the law 15 apparently less distinetly marked ; the maximum seems
to occur about two months later (before the winter solstice), at a time when the
number for inercasing foree is apparently at its minimum. This indistinctness in
the law may possibly be due to an irregular distribution in reference to the hours
of the day, and could only disappear through a longer series of observations.
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TaBLE XII.—ANNUAL INEQUALITY IN THE MEAN AMOUNT OF THE DISTURBANCES oF THE HoORI-
ZONTAL FORCE. AGGREGATE AMOUNT FukR INCREASINU AND DECREASING DISTURBANCES, EX-
PRESSED IN SCALE DIVISIONS,

B 184041, 184142, 1842-43. | 1843-44. 184445, " 1840-45. Aver. am't. Ratios.
Month. - - - ] e e e

Ine. 1 Dec. | Ime. l Dee. | Ine. - Dee.  Ine. | Dee. | Ine. } Dec. * 1ne. i Dec. | Ine. i Dec. | Ine. | Dec
July (2202);‘,(]887)1 214 943 | 202 1003 | 41 | 628 0 ‘ 0 2749 | 4461 | 55¢) 57%| 1.2 1.1
August 794 | 3290 | 261 494 51 ; 80 69 | 402 01142 1 1175 | 4408 | 44 | 564 | 1.0} 1.0
Sept. 1082 | 2010 | 186 | 2889 1857 = 242 | 452 | 208 | 873 ( 305 | 4450 | 5704 | 45 | 56 | 1.0| 1.1
October 726 | 2994 | 421 | 863 |1685 | 714 | 128 | 41 { 691 | 721 | 3651 | 5333 | 44 | 53 | 1.0 | 1.0
Nov. 520 | 1870 | 35 | 1956 | 185 | 730 0} 34 012173 | 740 1 6763 | 41 | 56 | 0.9} 1.1
Dee. 2204 | 4311 | 289 | 936 0 239 0 0 1483 | 800 | 3976 | 6286 | 47 | 56 | 1.0 1.1
Janunary | 723 | 463 | 231 | 370 0 0 0 | 111 § 302 1100 ! 1256 | 2044 | 48 1 BO | 11| 0.8
Feb. 649 | 2015 | 140 | 1682 0! 44 0| 200 0 ‘ 806 | TBY | 4747 | 42 | 52| 1.0 1.0
March 643 | 2469 | 415 | 761 0 39 01 412} 37| 90| 1095 | 4771 | 39 | 52 | 0.9| 1.0
April 732 | 1406 | 550 : 15256 | 54 622 | 7H [ 786 | 41 1563 ! 1452 | 5802 1 40 | 52 | 0.9 1.0
May 1000 | 1456 | 696 | 515 | 412 | 775 | 83 | 48 1 398 | 391 | 2589 8185 | 42 1 52 | 1.0] 1.0
June 307 | 253 | 284 | 5104 50 | 114 0 0 604 1786 : 1245 | 2663 | 44 | 44 | 1.0, 0.8
Sum 11582 [24424 (3722 13444 {4586 [4602 | 848 13870 4429 9927 25167 166267 12,0 | 12.0
Number | 254 | 414 | 93 | 237 | 97 | 92 20 | 82 | 96 | 211 . 560 | 1036
Meanm | 46 | 59 | 40 | 57 | 47 | 50 | 42| 47 | 46 | 47 | 45 | o4 o

| ! i

The average amount of a disturbance increasing the horizontal force is 45 scale
divisions, or 0.0069 in absolute measure; the average amount of a disturbance
decreasing the same is 54 scale divisions, or 0.0082 in absolute value. The ratio
of these numbers is as 1: 1.2, whereas at Toronto the ratio is 1:6.4.

The law of the monthly inequality for amount of increasing or decreasing dis-
turbances 1is, as in the preceding case, very indistinct and further obscured by the
small absolute amount of variation.

In the following Table, XIII,, the larger disturbances have been distributed
over the different hours of their occurrence; in this combination the bi-hourly series
(of the even hours) of observation has been used throughout.

Honr, Aggreg:'tf ;i!:‘m"t ini Numb:;noc;'oceur- Average samount. | Ratio of numbers.
0 (Midnight) 8116 142 57 112
2 5967 109 65 0.86
4 4961 93 53 0.73%
6 4751% 94 51 0.74
8 5562 104 53 0.83
10 Tr21* 146 53 1.15
12 (Noon) 6525 161 42 1.27%
14 6636 127 52 1.00
16 6634 135 49 1.07
i8 6894 132 52 1.05
20 7574 139 55 1.09
22 7358 139 53 1.09

Directing our attention to the columns of aggregate amount and of ratios of
number of occurrence, we find a principal maximum about 11 A. M., which seems
to correspond to the secondary maximum of corresponding ratios at Toronto occur-
ring about three hours earlier; the principal minimum occurs about 5 A. M., which
corresponds to the secondary minimum at Toronto occurring between 5 and 6 A.
M.; again, at Philadelphia, the secondary maximum at midnight is about two hours
earlier than the principal maximum at Toronto, and the secondary minimum about



30 DISCURSRION OF TIHHE DISTURBANCES

4 P. M. corresponds in time to the priveipal minimum at Toronto occurring between
2 and 6 P. M. Thus, the carves at the two stations, representing the diurnal vari-
ation of the disturbances (irrespective of merease or decrease) of the horizontal
force. ix double erested with an exchange of the principal and secondary maximum
and also of the principal and secondary minimum.

In the next Table, XTV., the diurnal variation of the disturbances is exhibited
separately for disturbances inereasing and disturbances decreasing the horizontal
foree.,

CDESTCRBANCES ISCREADING HorizoNTaL Foren, . DisrrrraNens Decrrasise Horizostan Fouce,
: Excess of aggregate
Hour, : e : . ducrease over
" Number of Aswreente | - © Number of Aggrerate ! ot P aggregate increase.
QUCIrrences, amouni. ! ]‘ﬂ““' H oteurrences, anouwnt. ]\h’“”' !
(¢ (Midn't) ) 2878 : 1.28 85 5248 | 1.21 | 2360
2 44 2173 ; 0.97 i 65 3704 : 0.87 ! 1621
4 432 SEHEI US| 2063% 0.6% 965
6 L2 115 w54 68 8538 | 0.81 2325
8 48 2345 1.04 I 0t 327 | 0.74 872
o 61 2732 : 1.22 i 85 4989 1 1.15 2257
12 (Novn) 74 3104 1.39 | &7 3691 0.85 557
14 : 45 2234 1.00 | 79 4507 ; 1.01 2158
18 49 2200 0.9& ! 86 4434 ! 1.03 2234
1% 45 2000 ! 0.89 ! 87 480 : 1.13 28%4
90 : 39 58 078 . T ERlG* 1.34 4058
22 oo 1.02 ‘ =0 5062 : 1.18 2766
Sus, had i 26071 12.00 ; 936 52028 : 12.00 | 25057

The disturbances inereasing and those deercasing the horizontal force evidently
follow different laws; at Toronto they were found completely opposed; they are less
so at Philadelphia.  The principal maximum of increasing disturbances (at noon)
seent to be contemporancous with a secondary minimum of the decreasing disturb-
ances; aguin the prineipal maximum of the decreasing disturbances (at 8 1°. M.)
corresponds to a sccondary minimum of the increasing disturbances.  In reference
to the main feature, the maximum disturbance of those increasing the force and of
those decreasing the foree, the Philadelphia ratios show even a greater resemblance
to the results at St Helena and the Cape of Good Hope than to those at Toronto.
At the two southern stations the maximum in the disturbances which increase
ocenrs at 11 AL M. and the maximum in the disturbances which decrease occurs
about 6 or 7 P. M. (Sce Vol I1. of the St. IIelena Observations.)

Table XIV. contains also the hourly excess of the aggregate amount of the dis-
turbances which decrease the horizontal foree over those which increase the same.
1f we divide the numbers by the whole number of days of observation (nearly 1500)
we obtain the diwrnal disturbance variation expressed in scale divisions.

®

TaBLE XV.—DIrtRNAL DISTURBANCE VARIATION.

Hoar. ; S D In absolute measure. l Hour. ‘ 8. D, In abxolute measure.
0 (Midn’t) 1.6 0.00024 l 12 (Noon) 0.4 | 0.00006

2 { 1.1 17 ! 14 1.4 21

4 0.7 11 ! 16 1.5 23

6 1.6 24 i 18 2.0 30

8 0.6 09 | 20 2.8 43
10 1.5 23 | 22 ! 1.9 29
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-

The average amount by which the disturbances tend to decrease the diurnal
variation of the horizontal force is 1.4 scale divisions or 0.00021 in the absolute
scale. The maximum effect takes place at 8 P. M., at exactly the same hour when
the declination disturbances reach their greatest effect.

In the preceding Tables, XIII., XIV.,and XV., to the hours indicated 21}
minutes should be added, the observations being made so much later than the even
hours.

The preceding discussion shows that for two stations, even at a comparatively
short distance, as for Philadelphia and Toronto, there are, generally speaking, some
close coincidences in the laws derived from independent observations; but there
are also certain differences in other results; yet it must not be forgotten that for a
strict comparability we require, if not simultaneous observations, at least observa-
tions extending over similar parts or the whole of an eleven year period. The
Philadelphia series includes a minimum year of that inequality, with the greater
extent of observations before that epoch, whereas at Toronto the series begins after
the minimum epoch and barely extends to a maximum year.

For the purpose of obtaining a better view of the absolute amount of the disturb-
ances and their frequency of occurrence,' they were classified in nine groups of equal
diffcrences of 20 scale divisions; the number of disturbances in each was found as
follows :—

LiMiTs ApoPTED.
Number of disturbances.
In scale divisious. In parts of horizontal force. In the absolute scale.
33 to 53 0.0012 to 0.0019 0.005 to 0.008 1159
53 « 73 19 « 27 08 « 11 348
73 « 93 27 « 34 11 ¢« 14 93
93 « 113 34 ¢ 41 14 ¢ 17 45
113 ¢ 133 41 « 48 17 « 20 27
133 ¢ 153 48 55 20 « 23 14
153 « 173 55 ¢ 62 23 ¢ 26 4
173 ¢« 193 62 ¢ 70 26 « 29 6
193 ¢« 213 0.0050 ¢« 0.0077 0.029 # 0.032 2
Beyond, | e L e 0

The numbers in the last column cannot be considered as entirely independent
of the eleven year period, and in attempting to apply the theory of probabilities in

t A table analogous to that given above, showing the distribution of the disturbances in declina-
tion, is here added for comparison :—

LiMIT8 ADOPTED.
Number of disturbances.
in scale divisions. In minutes of arc.
8 to 16 3.6 to 7.2 1856
16 « 24 7.2 ¢ 10.8 333
24 ¢ 32 10.8 “ 14.4 1056
32 % 40 14.4 « 18.1 42
40 « 48 18.1 ¢ 2L.Y 16
48 “ 56 21.7 « 25.3 2
56 « 64 25.3 « 29.0 2
64 ¢ 72 29.0 ¢« 32.6 1
Beyond 0
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reference to the number of disturbances which ought to occur between the assigned
limits, it became apparent that the larger disturbances greatly preponderate, a fuct
no doubt intimately connected with the difficulty in correctly allowing for the pro-
oressive change during the fivst year of observation.
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INVESTIGATION

OF THE

SOLAR-DIURNAL VARIATION AND OF THE ANNUAL INEQUALITY OF THE
HORIZONTAL COMPONENT OF THE MAGNETIC FORCE.
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INVESTIGATION

OF THR

SOLAR-DIURNAL VARIATION, AND OF THE ANNUAL INEQUALITY OF THE
HORIZONTAL COMPONENT OF THE MAGNETIC FORCE.

TrE discussion of the diurnal and annual variations of the horizontal force is
based on the resulting monthly normal values for each observation hour as given in
the preceding part (IV.), in which the horizontal force has been discussed in relation
to the ten or eleven year period, and which also contains the investigation of the
disturbances; in the same part all necessary statements are given relating to the
instrumental data and the absolute values of the horizontal force.

The normals, as has been shown, are referred to a uniform standard temperature;
they are corrected for irregularity in the progressive change, and are necessarily
freed from all the larger disturbances. The use of the normals instead of the sim-
ple means of the readings (corrected for difference of temperature) will insure
greater regularity in the variations of the horizontal force, now under consideration.

The diurnal variation requires an arrangement of the five year series of monthly
normals according to the months of the year and hours of the day; in general, the
method of interpolation for an occasional omission in either a month or hour, is the
same as that used in Part II. of the discussion of the Girard College observations;
there is, however, this difference in the tabulation of the monthly values, that in
the present case the results are consolidated in a five years’ arrangement, and in
consequence the year commences with the month of July. This arrangement was
preferred, particularly since it was found desirable to make no use of the observa-
tions in the first month of the series. ‘ .

Tabulation of monthly normals for each observing hour and each observing year,
beginning and ending with July. The individual values are taken from Table
VII. of the preceding Part IV.

After applying the corrections of — 19 scale divisions to the normals for January,
1841, and of +8 scale divisions to those of June, 1841, to allow for defective num-
ber of observations in these months, a further correction of + 68 scale divisions was
applied to all values between July, 1840, and May, 1841, inclusive, and of + 60 to
all values between July, 1840, and December, 1840, inclusive, to allow for defects
in the regularity of the progressive change, thus making the total correction for
the latter months = 128 scale divisions. The above corrections, when divided by 5,

(35)
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in order to give the correction to the means derived from five years, become, there
fore: for months between July and December inclusive, + 26; for January + 10;
for February, March, April, and May + 14; for June + 2. These corrections are
constant for cach hour of the day in any one month, and consequently do not affect
the diurnal variation; but they have nevertheless been applied at once to facilitate
subsequent dednctions. Their origin has also been explained in the remarks accom-
panying Table V. of the preceding part.

The following example of the process of interpolation for the odd hour values
will suffice for all similar cases: Required the mean normal from the 5 year scries
for 5* 213™ A, M. in Junc (see tabular values and results below). The mean nor-
mals for the two last years at 4" 211™, 5* 211 and 6* 211", are 1176, 1173, and
1169 respectively; the mean at 5* 213™ is therefore 3 divisions less than the mean
at 4" 211", and since the mean of the 5 year series at 4" 211™ is 853, the result for
5" 211™ becomes 849; again, adding 4 divisions to 847, the mean at 6" 211™, we
find 851; the mean of the two values, or 850, is that given in the table, to which
+ 2 has been added, making the final result 852.  The means of the odd hours, thus
found from the adjacent even hours, in general, do not differ by as much as a scale
division.

The time given in the tables of the normals is mean local time, counting from
midnight to midnight to twenty-four hours. The observations were taken (on the
average) 211 minutes after the full hours, as indicated in the tables. Increase of
scale readings indicates decrease of horizontal force; the value of a scale division
equals 0.0000365 parts of the horizontal force, or 0.0001523 in absolute measure,
the mean horizontal force being 4.173 (in absolute measure). Proper weights have
been given to the normals of the even and odd hours, in proportion to the number
of observations, as will be seen hercafter. Other special remarks will be found at
the end of the month to which they refer.

Tabulation of the hourly normals for each month and the mean of the five year
series, expressed in scale division readings and reduced to the standard temperature
of 63° (Fahrenheit’s scale), also corrected for all irregularities in the progressive
change. The regular progressive and secular change, therefore, remains in the
tubular quantitics.
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NorMALS OF THE HoORI1ZONTAL FORCE FOR JULY.
| I 1
Year. | on | an ) oon | 30| g Lo |oen | | o | oon [ 100 | 100 |4 2pm
1840 . . 113 97 89 50 112 | 116
1841 . . 442 442 | 435 435 447 458
42 ... L. L | 602 686 | 682 678 695 708
1843 . . . . . . . 927 924 | 924 923 935 941
1844 .o . . (1102 1103 [1105 ‘1106 {1106 1105 (1104 {1104 1109 {1116 1118 [1114
Mean . . . . . . . | 605 651 | 647 638 660 | 668
Referred mean . . . . 6563 649 642 647 6686 | 664
Constant correction 4 26 1
Normals . . . . . . 681 | 679 | 677 | 675 | 673 | 668 | 664 | 673 | 686 | 692 | 694 | 690
Year. 125 | 138 | 145 | 155 | 16n | 17b | 18» | 19n | 20n | 21 | 29 | 23 |4 21w
Noon.
1840 . . . . . 94 59 52 02 93 108
1841 ., . . . . 449 428 430 444 448 439
1842 . . . . 1700 680 677 690 694 700
1843 . . . |934 923 916 921 928 931
1844 . . . 11106 1100 1096 1093 1092 1093 {1096 11099 1101 1102 {1103 |1104
Mean . . . . . | 657 637 633 649 653 656
Referred mean . ! 646 634 640 651 655 657
Constant correction + 26 i l i
Normals . . . . 1 683 | 672 | 663 | 660 | 659 ! 666 | 675 | 677 | 679 | 681 | 682 | 683
Monthly mean normal from the even hours (4 214=) 676.3, weight 5.
13 “® 13 odd [} [13 676.3’ 4 1.
NorMaLs oF THE HorR1ZONTAL FORCE FOR A UGUST.
Year. Qb 1 2h 38 4h 5 6 e g 96 | 10% | 11n |4 214m
1840 . . . . . 108 112 117 106 138 153
841 . . . . . . 490 494 487 482 501 518
1842 . . . . . . 699 694 695 692 711 721
1843 . « o « + ¢ 931 930 931 927 947 954
1844 . . . . . . 1133 1134 {1134 {1133 {1133 |1131 (1130 {1135 {1143 ({1152 {1153 1147
Mean . . . « « + 672 673 673 667 688 700
Referred mean . . 673 672 669 676 698 692
Constant correction - 26
Normals . . .+ « « . 698 | 699 | 699 | 698 | 699 | 695 | 693 | 702 | T4 | 724 | 726 | 718
Yoar. 120 | 13n | 145 | 158 | 168 | 175 | 18b | 19n | 200 | 21» | 220 | 23b |4 g1m
Noon.
1840 . . . & 4+ o . 134 103 111 114 N 121 126
1841 . « . + « o & 502 483 483 497 600 495
1842 . ¢ o o o o o 700 688 689 701 703 702
1843 . .+ . e e e . 938 921 924 929 932 933
1844 . . . . . « . (1138 {1129 (1121 {1119 {1121 {1127 {1134 ;1135 (1135 {1134 |1135 (1135
Mean . . . o« o+ o« 682 663 666 675 678 678
Referred mean . . . . 672 662 670 677 677 876
Constant correction 4 26 A
Normals . . . . . . 708 | 698 | 689 | 688 | 692 | 696 | 701 | 703 | 704 { 703 | 704 | 702
Monthly mesn normal from the even hours (4 213=) 702.2, weight 5.
«“ “® “ odd “ [ 1.
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NORMALS 0F THE IHORIZONTAL TORCE FOR SEPTEMBER.

Year. Ok 1v on L gk An nhoogh ‘ T Kb on o 10n | 11w ,+ 23 dm

R £ 30 7 130 L 141 | 180 202
E O A U0 Al 815 | hos 53 F42
L L EPEEE ST | 717 734 750

[ S S R i | ug7 | I ge0 a0 902

Is44 . L o L . Lo 11061104 1107 11165 1101 1101 1100 11107 {1117 (1125 11128 11125

Mean . . . . . . . 694 TEY 658 | 685 | 709 723
teferred mean . . . . Loge I 692 L 68T 695 718 720
Constant correction 4 26 : i |

Normals . . . . . . 17201718 720 | 718 %714 ' 713 t 7111 721 | 735 0 T44 | 749 | 746

Year. 190 | 13% 140 | 150 | 16n  17¢ 18t 0 19 | 20n . 21 | 29n | 23n 4 2w
Noou, | | { : i !
| H . i
L 177 ! 153 158 [ 157 | i 150
L L HaT 518 1 520 | 515 i | 515
DR L S 727 ey vEYe | 734
S43 . . .. G856 972 4 072 G475 L0974 L 973
Indd L 0. ... 1115 (1104 1097 11085 {1095 1100 1102 1104 1104 11068 1107 1108 |
Mean . . . . . . . Tlud e GIE 695 L 697 696 |
Refereed menan . . . . | o 1692 697 oo 699 [ 696
! a i | 1
i :
Coustant correction < 26 | | ' : i | | i
Novmads .. 0 .. TRGOLTICOT T200P IS L T19 0 723 7240 72500 723 0 725 5 722 722!
Monthly mean normal from the even hours (4 214®) 724.4, weight 5.
3 13 (13 odd 6" “ 724.”’ “ l.
NorMaLS oF THE IIor1zoNTAL FORCE FOR OCTOBER.
Year. LoQoh 1n 9n | 3h | 4n b i ogh i oqu | ogn . gn 1 gpn ! 11r 4 21w
T & kY D122 L1388 {153 166
=4 . 0 521 VI i b1R : 514 {526 537

IS4 L Ted L he 15T 757 L7604 S|
T 080 | 983 78T 991 | 992

i
IS43 . . . 0 o . . U983 OTR OSN3 OTR 076 078 977
Is4d .. . . ... 1133 1132 1131 11127 1124 1125 1129 1134 1141 1149 1152 11145

Mean . . . . . . . 0 T09 (U L 699 . 703 1713 | 725
Referred mean . . . . TO5 701 A | !

-1
=
»

Constant correction -+ 26

Norwals D735 1731 a7 | ves | 728 | 729 | 734 739 746 W51 | W50
i { i H i i
Year. Pon L ase a4n 1sn Laes Dap [ asn g | og0n | 21n | 290 | 23 |4 213w
{ Noon. | : ! |
| ‘
1840 R L1 | 158 148 146 148 151
R - | 530 | 525 527 529 528
1842 . .. ... sl irre 776 768 769 764
1843 . . . . . . . |o91 959 i9s5 983 | 983 | 983 | 985 | 985 | 985 | 986 | 983 | 984
1844 . . ... 1145 1137 11134 1130 11132 1134 1135 [1137 1138 [1134 1137 1135
Mean . . . . . . . 172 TIT 713 | 712 714 713
Referred mean . . . . o1 714 713 713 713 712
Constant correction + 26 l ; ; | i
Normals . . . . . . 7510747 743 740 | 739 | 739 | 738 | 730 | 740 | 739 | 739 | 738

Monthly mean normal from the even hours (4 213™) 738.3, weight 5.
{3 L& 143 Odd 143 14 738_2, [{] 2.
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NorMmALs oF THE HORIZONTAL FORCE FOR NOVEMBER.

i |

Year. or i l 2 3 | 4 5h gn 7n } gs | o | 10w 1 11 ]+ 214

1840 .+ .« . . . 155 150 144 133 144 | 154

1841 . .+ . o . . . 519 517 515 509 518 529

1842 . . . . . . . |74 770 771 768 777 789

1843 . “ e e s e 987 | 986 | 985 | 983 | 982 | 980 | 980 | 983 | 987 @ 991 | 992 | 993

1844 . .+« . . . 1131 11130 ;1127 11126 ;1125 {1123 {1122 |{1125 {1130 1135 {1138 (1142

Mean . . . o . . . |73 710 707 702 7111 720

Referred mean . . . . 712 708 704 706 LT 725
Constant correction - 26

Normals . . . . . . 739|738 736|734 733|730 | 728 | 732 | 737 | 743 | 746 | Y51

Year. 120 | 138 | 14h | 158 | 168 | 17 | 18k | 1Gh | 208 | 21h | 222 | 23b |4 21w
Noon.
1840 . . . . . . . 175 157 151 148 144 160
1841 . . . . . . 531 514 518 513 516 518
1842 . . . . . . . | 787 781 778 775 776 776

1843 . . . . . . . 991 | 989 | 987 | 986 | 984 | 985 | 986 | 986 ! 987 | 987 | 988 | 988
1844 . . . . . . . (1136 (1133 31129 11127 1124 1131 1128 (1129 1130 1130 11131 {1131

Mean . . . . . . . 724 714 711 710 711 715
Referred mean » . . . 720 712 713 710 713 714
Constant correction - 26 ‘ * t | l i ,
Normals . . . . . . |'750 | 7461 740 | 738 | 757 | 739 | 736 | 736 | 737 | 739 | 741 | 740
Monthly mean normal from the even hours (4 214™) 738.3, weight 5.
113 [ 4 Odd 113 “ 738.8 113 2-

NorMALS OF THE HoRIZONTAL FORCE FOoR DECEMBER.

Year. on | 1o ! 9n | g8 | 45 | 56 [ gb | 7a | gu | 9w | 10v | 11n ‘4 21m
1840 . . . . . . . | 196 |1ss 176 166 178 208
1841 . . . . . . . | 546 | 541 538 535 537 548
1842 . . . . . . . | 780 1777 775 773 776 790
1843 . . . « .« o . | 9951993 1992 | 991 | 989 | 987 | 987 | 987 | 991 | 991 | 992 | 997
1844 . . . . . . . (1213 (1202 1200 1198 (1196 (1194 1190 1193 {1194 1197 1209 (1217
Mean . . . . . . . | 746 | 740 735 730 435 749
Referred mean . . . . 741 ; 738 733 732 740 757

Constant correction -{- 26 |
Normals . . . . . . [ 772|767 766 764 | 761 | 759 | 756 | 758 { 761 | 766 { 775 | 783

Year. 128 | 13h | 140 I 15 | 16k | 17> | 18b | 19% | 208 | 21k | 228 | 23» |4 2
Noon. 1
1840 . . . . . . . |27 193 | 182 185 200 194
1841 . . . . . . . | 562 549| 545 547 550 552
1842 . . . . . . . |95 786 773 776 781 782

1843 . . . . . . 999 | 998 | 996 | 993 | 991 | 990 | 992 | 995 | 995 | 995 | 997 | 998
1844 . . . . . . . (1220 1212 1209 1202 {1201 {1201 |[1203 {1198 |1200 1204 1206 11206

Mean . . .« « . . . | 759 747 | 738 741 745 746
Referred mean . . . . 752 | 742 739 742 746 745

Constant correction ++ 26 ! ! .
Normals . . . . . . | 785|778 773 768 7641765 | 767 | 768 | 7L T12| T2 |7

Monthly mean normal from the even hours (4 21}™) 76%.6, weight b.
3 “ & ald 3 & 768'2, & 2'
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NorMALS OF THE HoORIZONTAL FORCE FOR JANUARY.
- R I :
Year. Ov | 1b 20 3n 4n | 5o [i ™ 8u | Ob 1108 4 110 4 21)»
RN T coe 298 | 300 294 | | 284 281 | 302
Is42 . . . PN 561 | | 556 555 | I 558 553 ‘ 573
N3 L. . e . (820)] 1(817) (814)] (815) (814) (827)
FE TS .. o 1008 1005 1004 11002 1000 1000 995 1 999 11002 1005 {1008 1011
1245 . . . <. 1233 1228 11231 (1230 1228 1226 1225 {1226 {1231 1‘1241 1248 ‘11252
Mean . . . . < TRd | 782 778 776 776 | 792
Referred mea .. 1782 780 i 774 | 785 798
Constant correction 4 16 . : " ; !
Normals . . | 794 1 792 1 792 | 790 | 788 | 787 1 786 | 784 | 786 | 795 | 802 | 808
| H i {
Year. L 120 | 13 | 14b , 15b [ 16 | 17h | 18h | 19k | 20n  21v | 226 | 23% |4 21
Noon, . : i | : :
1541 ... 3% 311 289 | 296 | 301 302
1542 . . LB 559 ! 554 ‘ 564 563 504
1543 .. 1830 818 (813) (820 (820) (821)
IS4 . . .. 1004 {1006 11003 © 999 | 948 1000 [1002 1003 1003 1004 1004 11005
Is4h . . . <1249 11242 01239 1233 ‘1229 1230 {1233 11231 11230 1230 [1229 [1229
Mean . . {798 | 786 k] | 783 | 783 784
Referred mean . \ 791 i LT8O 780 | 784 P 784 786
| :
Constant correction 4 10| ‘ : l i
Normals . L 808 | 801 | 796  T90 | 78T T 700G | 793 | 794 | 793 794 | 794 | 796

Monthly mean normal from the even hours 793.3, weight 4.

& 13

6

Odd 3

793.4,

113 2'

The values for 1843 within brackets are interpolated by means of the continued
readings at 14" 211™; at this hour the difference of rcading from the preceding
year is 259, which added to the values of 1842 gave resulting normals for 1843; in
the same manner the reading in 1843 at 14" 21}™ when compared with the reading
in the following year (1844) leaves the difference 185, which quantity when sub-
tracted from cach hourly value in 1844 gives a second determination for the ycar
1843; the mean of the two determinations for cach hour has been inserted above.
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NorMALS oF THE HORIZONTAL FORCE FOR FEBRUARY.

Year. Ob 1k 28 3 4r 58 6h 7h 8t g 100 | 110 (4 21§
1841 . ., . e 269 261 264 257 265 288
1842 . . . e . e 580 573 572 567 568 582
1843 . . . . . . . l(820) (816) (813) (810) (812) (822)
1844 . . . . . . . 1031 {1031 {1031 {1029 1026 {1026 {1026 [1028 [1029 1030 |1034 {1034
1845 . . . . « .« 11230 {1230 (1231 {1229 1229 {1226 |1223 |1227 [1231 1236 |1243 11244
Mean . . . . . . . 786 782 781 717 781 794
Referred mean . . . . 784 782 779 779 786 796

Constant correction - 14
Normals . . . . . . | 800! 798 | 796 | 796 | 795 | 793 | 791 | 793 | 795 | 800 | 808 | 810

Year. 120 | 13% | 14v | 158 | 165 | 17% | 18 | 19n | 20m | 21n | 22n | 23 |4 213s
Noon. :

1841 . . . . . . . |297 289 275 274 | 275 272 |

1942 . . . . . . . | 589 578 578 580 590 578 |

1843 . . . . . . . (826) 817 (818) (820) (826) (819)

1844 . . . . . . . [1035 {1032 ‘1028 {1028 {1030 (1031 {1032 1033 {1034 1033 1032 ‘1030
1845 . . . . « .« . {1250 |1242 1238 {1231 11233 [1229 |1231 11233 11235 1231 1231 1232

Mean . . . . . . . 799 790 787 787 792 786
Referred mean . . . . 794 786 786 790 788

786

Constant correction + 14
Normals . . . . . . 813 | 808 | 804 | 800 | 801 | 800 | 801 | 804 | 806 | 802 | 800 . 800

Monthly mean normal from even hours (4 214™) 800.8, weight 4.
& [13 “® 3 odd 4 [ 800. 4, 3 2‘

I
|
|

The values of 1843 inclosed in brackets are derived from the reading at 14" 211
in the same manner as explained in the preceding month.
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NorMALS OF THE HorizoNTAL ForRCE FOR MARCH.

i

‘ 11®

Year. NS TR S T VS O (O LR A (1 (4 214
Il . e .. 268 L 972 | 267 | ;957 271 294 |
N ChBY | | 557 | 5hd 563 574 !
I3 . L .. (82D 1(223)! (822 (619)' (827) (836)
1544 . . . . . . . 1048 11047 1046711046 1046 11043 104371047 11050 11054 10 57 1063
Isdh v . ... . 1236 11236 1234 11235 11234 1234 1231 1233 [1241 [1249 |1255 1261
Mean . . . . . . . 789 | 787 | 785 | ;781 790 803 |
Referred mean . . . . | 788 | T8 ' 783 1785 798 | 808
i i i I i i ;
Constant correction 4 14 ! | ; ! : ! | !
Normals . . . . . . | 803 | 802 801 | 800 ' 799 | 797 1795 | 799 | 804 | 812 | B17 | 822
Year. 120 0130 14% 0 I5n | Q6h | 17n o 1sh . 19h | 20 | 210 | 226 | 23% 4 21}
Noon : : : i I i i i f i
L L. L. .26 2T 126 12820 264 24~| 1
O O 2 | hel [ P57 iV | 566 |
F o S €. 1)) 82y (828) 1(831) [(828) ;(szs) :
Isdd .. . . ... (10631061 1u57 1050 10517 1050 '1050° 11052 1050 11048 10507 11048
IsdG . ... ... 1260 11253 1245 11239 1240 (1242 1244 $1240 (1280 1237 {1240 11239 |
Meanm . . . . . . . 805 17921 790 L7960 1790 791 1
Referred mean . L L 800 | L7t L 793 794 789 1790 |
H I {
1
Constant correction + 14 ¢ ‘ [ : ; ‘ : i | ! }
Normals . . . . . . 810 ' 814 | 806 | S01 ' 804 - 80T | 810 . R08 | 804 | 803 | 805 ' 804 |
Monthly mean normal frem the even hours (4 213™) 805.6, weight 4.
& [ [ 13 (33 Odd. “ 14 80‘)"1’ 3 2.
The values for 1843 are interpolated as in the preceding two months
NorMavs or TufE J1oR1ZONTAL FORCE FOR APRIL.
! i i H i H | i i
Year. Con foan ogn foge | oge [ osn loge on |oen | ogn | 100 | 110 4 213
Isdl . ... ... 273 L 271 | 262 | 262 | 283 | 317 ‘
1842 0 0 e e e ; 595 L 598 597 | 594 | 604 620
I3 . . 0 . . . . 86l 861 | 854 | 854 | 868 | 883
1844 . . . . . . . 11070 1069 1068 11065 1063 1062 1064 1061 |1067 1074 11078 |1078
1846 0 . . . . 1252 11250 1240 (1247 11245 1243 1241 1244 (1253 1268 |1278 |1281 |
Mean . .. ... . 810 809 804 | | 803 815 | 835 ;
Referred mean . . . . | 809 806 | 803 | | 806 827 | 837 |
Constant correction 4 14 | : ‘; |
Nommals . . ... 824 | 823 823 | 820 818 817 | 817 820 | 829 | 841 | 849 | 851
Year. RTINS EY l{ 14% | 15 | 1gh | 17R | 18° . 190 | 20n | 21b | 928 | 23% |4 21im
i Noon i : !
i ! ! |
1840 . . . . . B 1 L 279 268 271 283 280
1842 . L . . 618 L6033 598 607 608 611
I3 . 0 0 0 . . . ®78 I 863 860 861 865 859
1844 . o .« . . . 1077 11071 1066 11062 11064 11062 1068 ‘1068 1071 1071 [1068 1069
Te5 L. ... .. 1268 (1267 1255 1252 (1248 1253 1256 1254 (1254 12563 {1250 1254
Mean . . . . . . 831 | 813 808 €13 816 | 814 | |
Referred mean . . . . ! Q95 ! 810 |08 f13 816 | | 818
Cunstant correction + 14 1 | | i ‘
Normals ... L L US40 | #39 0 827 | 824 | 822 | 822 | 827 830 830 | R28 | 827

827 !
Monthly mean norm:ﬂ from the even hours (-+ 21 }"‘) 8 51 2, weight 5
&% & 13 “ “ odd (13 [ 4 %3 2.
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T T——

NormaLs oF THE HorizonNTAL FORCE FOR MAY.

i i |
Year. on [ 1n | o2n | o3n | 4 | sn | e | e | e | 9n | 10w | 118 |4 21w

1841 . . . . . . . |31 305 306 297 306 323

1842 . . . . . . . |64 610 611 605 621 630

1843 . . . . . . . |86 862 | 858 857 875 872

1844 . . . . . . . |1065 1065 {1063 '1062 [1062 1061 |1061 |1064 [1068 1076 1077 11070

1845 . . . . . . . [1244 1243 [1241 1239 1236 |1233 [1229 |1236 |1251 (1261 |1262 |1258

Mean . . . . . . . |82 816 | 815 810 824 833

Referred mean ., . . . 819 815 812 815 832 829

Constant correction + 14
Normals . . . . . . 834 | 833 | 830 | 820 | 829 | 826 | 824 | 829 | 838 | 846 | 847 | 843

Year 5 120 | 130 1 14h ; 315b | 16h } 17% | 18: | 198 | 208 | 21k | 22b | 23¢ |4 213
{ Noon. - .

1e4r . . o . . . . 313 301 294 306 309 313
1842 . . . . . . . | 622 606 607 615 618 619
1843 . . . . . . . | 864 855 856 862 867 863
1844 . . . . . . . 1064 {1057 1053 (1053 {1051 |1054 {1059 |[1063 1064 {1064 |1065 (1063
1845 . . . . . . . 1253 1244 1238 1236 1237 1239 |1245 |1246 1246 |1248 |1247 |1242
Mean . . . . . . . | 823 1 811 809 817 821 t31
Referred mean . . . . 1 816 | 810 811 818 822 818
Constant correction -+ 14 1 1
Normals . . . . . . ' 8378301825 | 824 | 823 | 825 | 831 832 | 835 | 836 | &35 | 832

Monthly mean normal from the even hours (4 213™) 832.3, weight 5.

@ @ & «© I3 Odd 4] «® 832.1, 113 2‘

NorMALS oF THE HoRriZONTAL FORCE FOR JUNE.

Year. on | 1n | 2n f 8k I 4r | Bn ) 6w ! Tolose | g | 10m | 110 |4 214m

1841 . . o4 ... . | 302 390 392 386 | 400 401

1842 4 2 v 2 v o+ v | 649 652 646 6381 849 659

1843 . . . . . . . {881 879 876 873 | 883 894

184 . . . . . . . {1078 {1077 {1076 1077 [1077 ;1075 {1073 1077 1080 1082 |1084 1081

1845 . . . . . . . [1280 11281 [1281 1261 |1275 1271 [1266 1273 1282 1293 1295 |1292
Mean . . . . . . . |856 856 853 | 847 859 867

Referred mean . . . . 856 856 850

853 865 864

Constant eorrection 4 2
Normals « « « « « 858 | 858 | 858 | 858 | 855 | 852 | 849 | 855 | 861 | 867 | 869 | 866

Year. 120 | 130 | 14t | 15» | 16 | 172 | 18k § 192 | 20k | 21k | 22b | 23 4. 214m
Noon.

841 ., e e 395 382 385 392 402 392

1842 . . 0 0 e . 850 639 638 649 | 648 660
1843 . . .. . . . | B84 870 870 881 881 885 |
1844 . . . . . .. [YO77 1072 1067 {1065 11065 1067 [1071 {1073 1075 1077 ‘1077 {1078
1845 . . . . . .- . [1286 1280 1272 /1269 1269 1273 (1278 |1281 1280 1277 1279 1280
Mean . . . . » . « | 858 846 845 ‘ - | 854 857 857
Referred mean . . . . 853 845 | 849 856 | 856 857
Constant correction - 2 . i ' i
Normals . . . . . . 860 | 855 | 848 | 847 | 847 ' 851 | 856 | 858 | 859 | 858 | 859 859

Monthly mean normal from the even hours (4- 21}~) 856.6, weight 5.
kot - « odd & @ 857.0, * 2




44 DISCUSRION

OF THE HORIZONTAL

COMPONENT

15401545,

TasLe I —REcariTrnatioNn oF THE HournLy NorMALSs oF THE Hor1zoNTAL FoRcE (EXPRESSED

IN DCALE DIVISIONS) FOR EACH MONTH OF THE Y EAR.

Increase of scale readings denotes decrease of force.

|1 o1y

o I b oo 4n z 5b gr | g gh
July . . . USL L GTY L GTT 675 | 673 | 668 | 664 | 673 | 686 | 692 | 690
Aurust CBUK 609 B9 BYS | 699 | 695 | 693 702 | T14 | 724 | 718
September. [ T200 D718 72000718 T4 P TI3 [ 7110721 ) 735 744 | 746
October 786 T3l T8l 27 725 i 728 T T34 0739 746 i Thu
November . . 0 T390 738 1 736 T34 133 730 728 1 U321 73T 143 751
Decetber . 77 hH 766 64 0 761 1 759 756 THE | 761 | 766 783
January . . T94 7820792 0 T90 YRS D TRT LT8G T8R4 786 | 795 808
February KOO TuS 796 TH6 795 O3 | 791 | TH3 . 785 800 810
March . 803 02 0 801 800 TO0 797 1795 799 ¢ sod | 812 822
Aprit o . 824 823 823 820 | 818 817 | 817 | 820 829 841 851
May . . K134 833 830 1 829 829 ¢+ £26 0 824 . 820 838 846 843
June BOHX 8H8  &hw ! 8HE | BHH 0 852 1 84Y . 855 | Rol 867 866
Year . . .0 7705 T69.80 ¥69.1 7674 T6H.T T63.70 T01.9, T66.7: T73.7. ThlL. 786.5
Swmwer . . 762 76830 T6T.8 0 T66.3 7647 T61.8° 759.7° 766.71 777.2 785, TRHT
Winter . . OTT3E 773 T70.3 T68.5 0 T66.8 T65.7 Te4.2 T66.T 770.3. TV7 787.3!
| | ; i
- ‘ : ‘ ; -
e o I I 230 4 214w
i Noon i !
Juiy .. L] 672 663 660 . 659 666 | 6756 | 677 | 679 681 683
Aucust . . o TOS GU8 68O D 68K 1692 606 | ol - 703 | To4 | 7037 702
Septeutber ST 7260 0 7200 7IE 719 723 0 724 726 | 723 | 725 722
October il 47 0743 740 0739 ¢ 739 1 738 730 | 740 739 738
November . TH 46 740 738 737 739 1736 736 | 737 739 740
December 785 T8 713 768 ¢ 764 765 1 T6T 768 Tl 772 R
January 808 801 . 796 TO0 0 7RY TO0 793 794 1 793 ;) 794 796
February 813 808 804 800 | 801 800 | 801 | 804 | 806 802 800
March 819 814 | K06 S0 1 B4 807 810 | 808 | 804 803 04
April . . 845 839 827 824 | 822 822 | 827 827 830 830 827
May . . . 837 ®300 0 825 . 824 ¢ 823 825 831 , 832 | 835 836 832
June . SG0 830 | 848 : 84T | 847 851 j 856 1 858 | 859 858 859
Year . . 729 776,20 769.5  T66.50 766.2 768.6 T7L.60 772.61 773.41 T73.5 S 7728
Summer 778.2 T70.00 762.0 7602, 760.3 T63.8 769.0. T70.31 7717 772.2; LT70.8
Winter . TST.TOTsL3 TTT.0 TT2.8] TI2.0 7733 TV4.2) TT4.8) 775.2 774.8§ | 774.8]
! . i ; ; |

In the preceding table the normals for the summer half year comprise the months

between April and September inclusive ;

the months between October and March inclusive.
The following table contains the mean values of the normals for each month and

those for the winter half year comprise

SCAsO1l.
TasLe II.
1840-1844. i Normal. X\ 1841-1845. ‘ Normal. !‘ 1840-1845, Normal.
July . . . 676.3 | Janmary . . . 7933 | Year . 772.1
August . . 702.2 I February . . . 1 800.6 { Summer . 770.1
September .| 7246 | March. oo 8057 | Winter . 774.1
October . . 738.2 i April . . | 828.3 ;
November . . | 738.5 | May . . 832 2 !
December. . . | 768.4 | June . 856.8 |l
i I

Regular Solar-Diurnal Variation of the Horizontal

Force.—1f we subtract the

hourly normals of Table I. from their respective monthly mean value as given in
Table I1., the difference (in scale divisions) will represent the regular solar-diurnal
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variation for each month in the year. In like manner we obtain the diurnal varia-
tion of the horizontal force—free of the larger disturbances—for the summer and
winter half, and for the whole year. Table III. will exhibit these differences
after their conversion from scale divisions into parts of the horizontal force (one
scale division equalling 0.0000365 parts of the horizontal force). The tabular
numbers are expressed in units of the sixth place of decitals. A plus sign indi-
cates a greater force, a minus sign a less force than the mean value. Casting the
eye over the vertical columns, we obtain also a view of the annual inequality of the
diurnal variation, which will be examined further on,

TaBLE 11I.—REGULAR SOLAR-DIURNAL VARIATION OF THE HORIZONTAL COMPONENT OF THE
MAaGNETIC FORCE EXPRESSED IN PARTS OF THE HoORIZONTAL FORCE.
A plus sign indicates greater force than the mean. For convenience sake, the first three decimals (0.000)
have been placed on the side of the table.
t 1 [ H
1840-1845. | or | 1 | 20 | 3 | 4 i By ogr | n o ogr | ogn | 10m { 11k |4 214w
July —171 | —098 | —025 | 4-047 | 4-120 | 4-303 : 4-449 4120 | *353’—572 —646 | -—499
August 4153 | 4116 | 4116 4153 1 4116 4262 4335 4007 | —430 —795 | —868 | —5T6
September | -168 |4-241 | 4+168 4241 4387 4423 4481 4131 |—380 | —708 | —891 ; —781
QOctober +116 | {262 +262 4408 4481 43721 +335‘+l53 —029!—284 —467 | —430
November |-—018}|4018 +091‘+164 4200 4310 4383 4237 | 4+-054 | —164 , —273 | —456
December —131 | 4051 | 4088 4161 4270 4343 +453 4380 : 4-270 +0883—-—241!-—533
2| Jannary —025 | 4047 047 4120 | 41931 4230 | 4-266 +239 4266 | —061 | —318 | —536
= | Pebruary  {4-022 4095 | +146 | 4-168 | 4204 4277, +350;+ 714204 | 4-022 —270 | —343
March +4-098 | 4134 +171.4-207 4244 +311 4390 +244 4061 -—2301-—412 505
April 415714193 4193143031 4376 +4l2 4412 4303 —025 | —463 :—;55 —828
May —065 | —029 +080 ' 4116 | 4116 | 4226 | 4+299 | +116 | —211 | —503 —540 —394
w‘June —043 1 —043 —043§—()431+060 +175!+284 | 4-065 ——153'—-3721—445 ~-335
| Year 4022|4082 4108 | 4170 | 4231 4304 4370 | 4198 —060 —337 —511 —526
Summer 4033 4063 4082|4136 4197 | 4300 | 4-377 | +127 | —259 | —5TC | —691 —569
Winter +010 | +101 +134 +205 4265 3084363 | +272) 4138 —105 —330 —482
! H | 1
1840-1845, | 12» | 13v | 14n | 15n | 16h | 17> | 18s | 19% | 20n | 21n | 22h | 236 |4 21)m
Noon.
July —244 | +157 | 4485 | 4-595 | 4631 | 4376 | 4-047 | —025 | —098 | —171 | —244 | —244
August —211 14153 | 4481 | +-518 | +372|4-226 | 4-043 | —029 | —065 | —029 | —065 | 4-007
September | —416 | -—051 4168 | 4-241 | +204 | 4058 | 4-022 | —015 | 4-058 | —015 | 4095 4095
October —467 | —321 | —175 | —065 | 029 | —029 ; 4+007 | —~029 | —065 | —029 | —029 | 4-007
November | —419|—2731—054| +018|-4054 | —018 +091 +091 | 4054 | —018 | —091 | —054
December | —606| —350; —168 | 401514161 +]24 4051 ' 4015 | —095 | ~—131 | —131 | —095
2| Jannary —536 | —317{-—098 | 4120 | 4230 +120\+011v—025 +011 =025 | w025 | =098
S| February | —453 —270|—124 14022 —015| 4022, —015 —124 | —197 | | —051 | +022 | 4022
=1 March —485 | —303 | —011 | 4-1%1 | 4061 —047 | —157 —-088 4061 | 4-098 | 4-025 | 061
April —609 | —390 1 4-047 | 4157 | 4230, 4230 +O47 4047 | —061 | —061 | -+-011 | 4-047
Mzay —175 1 4080 | 4262 | +299 | 4-335 | 4262 +043f+007 —102 | —138 | —102 | 4-007
June —116 { 4065 | 4321 | 4357 | 4-357 | 4211 +0295—043 =080 | —043 | 080 | —080
Year —395 | —152 | 4-095 | 4204 | 4-216 | 4-128 | 4-018 | —019 | —049 | —051 | —051 | —027
Summer —295 | 4002 | 4294 | 4-361 | 4355 | +227 } 4-037 | —009 | 058 | —076 —004 | —028
‘Winter —494 | —306 | —105 | -}-047 | 4-077 | 4029 —002%——027 —039 | —026 | 038 | —026
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TaeLe IV.

Table IV, is derived from Table 111, by multiplication with the absolute value of the horizontal force (4.173) ;
it contains, therefore, the regular solar-diurnal variation of the horizontal force in absolute measure.
A plus sigu indicates greater force than the mean.  Two places of decimals have buen placed on the side
of the table.

. : H 1 1 1 i
I840-1645. 0 Ob | v o2n L B [ o4 1 o5h | o6n L ! g | oo l 100 | 11 |4 21ye
i | : : : ;
i July —071 —041 T 010 T 4020 4050 4127 | 4-18» +n5u§-—-147i——z:asai—-z'zo;—zns
. Auvust Soid o 0ds T H0ds 064 404 108 1400 4003 180 0 —332 ] —362 . —241
D September D070 4101 40700 4101 4162 4177 1 4-201 —154 —‘79!'»|—372 —326
L October 4045 108 4108 0 170 4201 0 4155 1 140 =012 119 —195  —180
November  —008 4008 4035 4068 +(’b‘3»—{—12‘.!:—&-1(}“;—-}—0‘.)5?§+(\22‘—~»Uﬁt~"—114;——190
Decemiber | —055 | 4021 4037 4067 4113141431 4180 ' +158 1 4113 1 4037 ' ~-101 1 —223
= January —010 4020 4020 050 4081 . 4096 4111 +141 4111 . —025  —132 —224
Z  February +000 4040 061 070 42055 T 116 4146 4116 4-085 4008 —113 —143
T March 4041 4056 071 4086 410204132 4163 4102 4025 —096 —172 —248
April 40656 4051 4081 4127 4157 4172 4172 +127‘——-(>10i—-—193‘—315 -—346
May —027 =012 4033 4048 048 094 4125 4048 088 —210 —226 —165
June —~018 —018 —018 —018 4027 4073 4119 4027 —064 —155  —186 —140
Year 4009 034 4045 4071 006 4127 4155 4083 —025  —141  —213 —220
sammer 4014 4026 4034 4057 4082 4125 41567 4053 ~-=108 238 289 238
Winter 004 4042 4006 086 0 4111 41200 4152 +114 . 4-058 | —041 —135 , —201

Isdoofsdh, 320 130 L4n o IE 16 | 17% | 18 1 dgv | 20n | 210 | 22r | 23v if2nm
i i

Noan ‘ : : { { 1 : i
July — 102 4065 4203 4248 4268 1567 0 4020 —010 —041 . —071 1 —102 —](azi
Angust —O8s 4064 201 4216 4155 - 4084 018 1 —012 0 —027 1 —012 —027 : 003
September | —174 —021 4070 40101 -R0S5 4024 4000 —0045 . 4024 ] —006 | 4040 - 4040
Octoher —185 —134 —073 —027 —011, —012. 4003 —012 —027 . —012; —012 4003
November  —175 —114 —022 £005 022 —008 4038 4038 4022, —008 , —038 | —022
December —208 —146 —070 . 4006 067 4052 4021 . 4006 —040 . —055 | —055 | —040
= January —224 152 —041 4050 4006 050 4005 —010 4005 | —010 | 010 —041
= February —I84 —113 —052 4000 . —006 000 —005  —052; —082 1 —021 ; 4 009 ; 4-009
March —208 —127 —005 4071 4025 —020° —065 © —037 | 4025 1 4+041 1 4-010 025
April —2h4 —163 4020 4065 4096 096 4020 - 4020 - —025 . —025 | 4005 | 4020
May —073 4033 4109 4125 4140 4100 4018 4003 —043 1 —058 | —043 | 4-003
Juue —Ods 4027 4134 4149 149 088 4012 —018 —033 | —018 | —033 . —033
Year —165 —063 4040 4085 4080 4053, 4-008 . —008 ; —020 , —021 | —021; —011
Summer L —123 4001 4123 4151 4148 095 4015 . — 004 —021 1 —032 | —027 1 —012
Winter —206 —128 —044 4020, 4032 4012 —000 —011, —016 | —011 | —016 —O010

‘ : | i | | i |

Annual Incquality in the Divrnal Variation of the Horizontal Force.—The dis-
tinctive feature of the diurnal variation is shown in the annexed diagram (A),
constructed from the mean annual and half-yearly values given in the preceding
table, IV, It exhibits in the annual mean, as its characteristic type, a maximum
value about 6 A, M., a minimum value about 11 A. M., a secondary maximum value
about 3} I’. M., and a secondary minimum about 9 P. M. For the half year when
the sun has north declination, the morning minimum becomes smaller and the
afternoon maximum larger, thus increasing the diurnal range; the converse takes
place in the other half of the year, when the sun has south declination. The 6
A. M. maximum remains nearly unchanged throughout the year. The average
summer range (April to September inclusive) is 0.0046, and the average winter
range (October to March inclusive) is 0.0025, both expressed in absolute measure.
The range between the morning maximum and the morning minimum is 0.0045 in
summer and 0.0036 in winter, as will be explained further on.
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(A.)—DweNAL Vaniarion or raE HorizoxTan ForcE 1N SusmER, WINTER, AND FOR THE WHOLE YEAR,
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(Absolute measure.)

Philadelphia mean time.

This semi-anhual change in the diurnal amplitude is more conspicuously repre-
sented in the annexed diagram (B), derived from diagram (A) by straightening out
the annual curve and using it as an axis of abscissee for laying off the differences
between the annual values and the summer and winter values at the same respective
hours of the day.

(B.)—SEMI-ANRUAL INEQUALITY IN THE DIURNAL VARIATION oF THE HoRizZoxTAL FoRCE.
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Philadelphia mean time.

This diagram (B) may, with advantage, be compared with .the analogous one
representing the annual change of the diurnal variation of the declination as given
in Part II. of this discussion. The construction is the same in either case.

At 6 A. M. there is hardly any change throughout the year. The maximum
variation, in the course of a year, takes place at 9 A. M. (range 0.00194 in absolute
measure); about 111 A. M. there is an epoch of no variation ; at 2 P. M. a second
maximum is reached (range 0.00167); again at 7} and 11 P. M. points of no
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variation are reached.  Owing to the prominent annual variation ncar 2 P. M., the
range of the diurnal variation between the morning minimum at 11 A. M. and the
atternoon maximum at 35 P. M. is of more interest in the discussion of the diurnal
fluctuation of the horizontal force than the 6 A. M. and 11 A. M. range, which
latter range, as we have seen, is slightly greater than the first one.

To find the turning epochs of the annual variation, the monthly values for the
hours 9 A. M. and 2 P, M., when it is best developed, were taken from Table IV.,
and each value was again compared with its annual mean.

TasLe V.—ANNTAL VaAriaTioN AT THE Hotrs 9 A. M. axp 2 . M.
MONTH 9 A M | Differences. ' 271 M Differences, 1 Mean difference,

0.00 | 0.00 5 0.00 0.00 L 0.00

|
January P S R R 15 § ¥ S —041 —081 | 4-099
February . . . . 4009 | 4150 | ~—{(052 — (92 I +121
March . . C. =098 s —000 B | A v
April . . RN —193 | —052 | 4020 —020 L —016
May . . . . —210  ,  —069 | 4109 4069 068
June e e —155 =014 L 4134 4094 1 —054
July . . . . —239 : —098 ) 4203 4163 i —130
August e e =332 0 —1m 1 +201 ~+161 =176
September . . . . —2W6 | —185 +070 | 4030 | —092
October R e U N —078 1 —113 | 4046
November . . . . —G8 ! —+073 ! —022 —062 i 4068
December . . o 037 ! +178 ! —070 —110 : 4144

Mean . . . . .o —141 : i ~4-040 ,

Casting the eye over the columns headed «differences,” we see by the change of
sign and the magnitude of the values that the transition from a positive to a nega-
tive value oceurs some time after the equinoxes, and that the maximum variation
is reached about the time of the solstices—a result in close correspondence with the
conclusions reached in the discussion of the annual inequality in the diurnal varia-
tion of the declination (Part I1. of the discussion). For convenicnce in the analy-
tical treatment, a column headed “mean difference” has been added to Table V.,
obtained by changing the signs of the 2 . M. differcnces (the annual variation
being then opposite to the morning values), and taking the mean of the 9 A. M.
and 2 P. M. differences.  The values in this column are tolerably well represented
by the following formula:—

A=+ 0.00129 sin (0 + 79°) + 0.00018 sin (20 + 191°),
the angle § counting from January 1, at the rate of 30° a month. Accordingly, we
find the transition to take place shortly before the middle of April and October, or
about twenty-two days after the equinoxes. This is about twelve days later than
the epoch found in Part II. for the declination.

Analysis of the Solar-Diurnal Variation of the Horizontal Force.—TFor convenience
- of investigation and proper comparison with similar results at other localities, the
values given in Table I. have been put in an analytical form, and are represented
by the following expressions. It will be seen that the difference between any
monthly normal mean and the corresponding mean in Table V. of Part IV., which
latter mean is affected with the disturbances, does not exceed 2} scale divisions.
This small difference includes also a small effect due to the necessity of diffcrent
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methods of interpolation in the construction of the two tables. In the determination
of the numerical quantities (by application of the.method of least squares) in the
monthly equations, due attention was paid to the relative weights of the values for
the even and odd hours. The coefficients are expressed in scale divisions (increasing
numbers denoting decrease of force), and the angle § counts from midnight at the
rate of 15° an hour.

For January, a,= -+ 79343 + 3477 sin ( 6 4 236° 52") + 6%.56 sin (20 + 96° 52')
+ 8499 sin (36 + 282° 13/) + 29.00 sin (40 4+ 97° )
For February, A, = -4 80046 + 5450 sin ( o + 218° 26’) 4 4°.57 sin (36 4 102° 29')
+ 3%.97 sin (360 + 282° 40') 4 14.66 sin (40 + 121° )
For March, A, = + 80547 + 656 sin ( 6 + 243° 31') + 535 sin (26 4 114° 14")
+ 40.23 sin (36 + 316° 04') + 19.91 sin (40 + 113° )
For April,  a,= - 8288 4 765 sin ( 6 4 257° 87') + 9455 sin (26 + 123° 06')
+ 5415 sin (36 - 306° 44’) 4- 1418 sin (40 4 163° )

For May, by = - 83282 + 2324 sin ( 6 + 314° 31’) + 7481 sin (29 + 140° 53/)

+ 4440 stn (36 4 330° 05) + 1434 sin (406 4 214° )
For June, Ay = 4 85648 + 2412 sin ( 6 + 856° 038') + 640 sin (26 + 140° 32)
L + 4948 sin (30 4 327° 147) 4 0492 sin (46 + 216° )
For July, A=+ 67683 4 3842 sin ( a4+ 4° 11)411%50 sin (26 4 139° 147)

-+ 6414 sin (86 + 330° 15”) 4 04178 sin (4 6 4 210° )

For August, 4a,= + 70242 4 5232 sin (¢ + 810° 58")410%37 sin (26 + 153° 46')
: 4+ 6479 sin (36 + 835° 557) 4 2088 sin (40 4 203° )

For September, o, = + 72436 4 8102 sin ( 0 + 271° 57’) + 9259 sin (26 4 137° 25)
+ 7%.08 sin (36 + 345° 17/) + 1299 sin (40 + 215° )

For October, a, = + 7382 4 8106 sin ( ¢ + 237° 57") 4 6%.40 sin (26 + 123° 37"
+ 134 sin (36 + 325° 20) 4+ 0429 sin (46 4 174° )

For November, a, = + 73845 + 4418 sin ( 6 4 237° 36") + 6°.08 sin (2 ¢ 4 100° 01/)
+ 1993 sin (36 + 310° 45') + 0%.46 sin (46 + 211° )

For December, a, = -4 768%4 + 5%03 sin ( ¢ + 212° 48’) + 8407 sin (26 4+ 94° 14)
+ 3898 sin (30 + 269° 177) + 1981 sin (40 + 88° )

We have also: For summer half year (April to September inclusive), for winter
half year (October to March inclusive), and for the whole year, the following
- expressions for the regular solar diurnal variations:—

For summer, A, = 4 77001 4 3479 sin ( 0 4 293° 49’) + 911 sin (26 + 139° 10%)
+ 536 sin (30 4 329° 17) + 1442 sin (40 + 202° )
For winter, &, = + 717441 + 5836 sin ( 6 + 231° 367) + 6%.04 sin (20 + 104° 46")
+ 288 sin (30 + 293° 54’) + 1811 sin (46 4 108° )
For year, A, =+ 711281 4 3195 sin ( 9 + 256° 19’) 4 7225 &in (26 + 125° 05/)
-+ 3496 sin (36 4 817° 81’) + 0486 sin (46 4+ 165° )

The following expressions for January may serve as specimens of the agreement
of the result derived from the even and odd hours independently:—

From even hours, A, ="T93%3 4 8%.81 sin (0 + 238° 01/) 4 656 sin (20 + 94° 32/)
+ 4410 sin (36 + 280° 19") + 2°.08 sin (46 + 86° )
From odd hours, a,=793%4 + 371 sin ( 6 4 234° 35") + 6256 sin (29 + 101° 32')
+ 3176 sin (30 + 286° 00) + 19.85 sin (46 + 119° )

giving to the first equation the weight 2 and to the second the weight 1, we obtain

the equation as given above.
7
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The following comparison will show the agrecment of the observed and computed
values we have for August:—

(A M) ¢ Computed. Observed. A (. M) . Computed. Observed. A
(214w 698.3 698 0 | 12h 21w 07,7 708 0
1 « 698.3 699 -1 . 13 ¢ 695.1 698 —3
2« 695.6 699 +1 i 14 « 6885.4 689 —1
3« 699.7 698 -2 ‘ 15 888.7 688 +1
4 « 697.6 699 —1 : 16« 692.5 692 0
5 ¢ 694.3 695 —1 ! 17 o« 697.1 696 “+1
[ 694.5 693 +1 i 18« 700.3 701 —1
Y 701.2 702 —1 i 19« T02.6 703 0
g« 712.9 714 —1 | 20 ¢ 704.5 704 0
9 « 723.6 724 0 : 21 « 704.8 703 +2

10« 7271 726 +1 A 703.3 704 -1

11 o« 720.4 718 +2 : 23 « T00.6 702 —1

Diagrams C and D exhibit the regular solar-diurnal variation of the horizontal
force; the dots represent the observations directly taken from Table 1; the curves
give the computed values from the preceding equations. These diagrams also
exhibit the general agreement between the observed and computed values. The
summer months are represented on diagram C, the winter months on diagram D;
their comparison shows plainly the much greater range of the diurnal variation
when the sun is north of the equator than when south of it, as was also the case
with the magnetic declination.
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Table V1. contains the coefficients B, B, B; B, of the general equation:—
Ay=A+ Bysin (0+ C)+ Bysin (20+ C,) + By sin (30+ C;) + B sin(40+ C,)
expressed 1n parts of the horizontal force, by multiplying the corresponding quan-
titics in the preceding equations with the value of a scale division. The angles
', , C; Cy will be found in Table VII.; they are the same as given before,
increased by 180°, so as to make a corresponding change in the direction of the
scale readings; increasing numbers will now indicate increasing force.
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The first three decimals (0.000) have been placed in front of the table.

TasLe VI

MonTa. | B, B, B, B,
January 138 239 146 073
February . 202 167 119 060
March . . 239 195 154 070
April . . . 279 349 188 043
May . . 082 285 161 049
June . . .. 8 077 234 164 034
Juy . ... . L] 3 125 420 224 029
August . . . 194 379 248 105
September . .o . 295 350 258 073
October . .. 294 234 048 011
November . . 151 222 071 017
December . . . 184 295 145 048
Summer . . 138 333 196 052
Winter . . 196 220 105 040
Year . 144 265 145 031

53

In Table VIIL the same quantities are given in absolute measure; the first two

places of decimals (0.00) are placed at the head of the columns.

(Increasing num-

bers denote increase of force.) The numerical values of A will be found in con-

nection with the discussion of the annual variation of the horizontal force,

TasrLe VIIL
MoONTH. B, ¢, B, Ce B, C; B, C,
0.00 0.00 0.00 0.00

January . . . . 057 560 52/ 100 2760 52/ 061 1020 13/ 030 2770
February . . . . 084 38 26 070 282 29 050 102 40 025 301
March. . . . . 100 63 31 082 294 14 064 136 04 029 293
April « . . . . 117 7737 146 303 06 079 126 44 018 343
May . . . . . 034 134 31 119 320 53 057 150 05 020 34
June . . . . . 032 176 03 098 320 32 068 147 14 014 36
July « + + .+ 052 184 11 175 319 14 094 150 15 012 30
August « . s 081 130 58 158 333 46 104 155 b5 044 23
September . . . 122 91 57 146 317 25 108 165 17 030 35
October « e 123 57 57 098 303 37 020 145 20 005 354
November . . . 063 57 36 093 280 01 029 130 45 007 31
December . . . 077 32 48 123 274 14 061 89 17 020 268
Summer . . . . 058 113 49 139 319 10 032 149 17 022 22
Winter . . . . 082 b1 36 092 284 46 044 113 54 017 288
Year . . . . . 060 76 19 111 305 05 060 137 31 013 345

On diagram E the average value of the diurnal variation throughout the year,
together with the summer and winter value, has been represented as resulting from
It exhibits the noticeable feature in
the annual curve of a greater morning maximum (about 6 A. M.) than afternoon
maximum (about 3} P. M.), whereas in the summer curve it is the afternoon maxi-

the numerical quantities in the above table.

mum which is the greater of the two.’

In the winter season the contrast is more

1 The same is the case at Prague; in May, June, and July, the afternoon maximum was the greater
of the two. XKarl Kreil, in vol. VIIL Proceedings of the Academy of Sciences of Vienna, 1855:
“Resultate aus den magnetischen Beobachtungen zu Prag.”
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marked, the morning maximum being considerably greater.  These curves also show
the gradual shifting of the maxima and minimum to a later hour in winter than in
stunmer. a phenomenon also well exhibited in the preceding diagrams C and D.
The numerical valaes of this change of hours will be given in tabular form further
on. The small aftcrnoon minimum about 9 P. M. is less distinctly marked than
any other feature of the diurnal curve.

(E.)—REecrLaR SoLAR-DivrRNAL VaRiaTION oF THE HorizoNTAL FORCE POR SuMMER, WINTER, AND WHOLE YEAR.
(In absolute measure.)
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Table VIIL contains the computed values of the time and amount of the moming
maximum and minimum, and of the afternoon maximum. The values for the
sccondary afternoon minimum are taken from the diagrams. The time of the A. M.
maximum and minimum is within the nearest eighth minute; that of the P. M.
maximum within the nearest tenth minute. The time for the P. M. secondary
minimum is within the nearest hour. The amount of change of horizontal force is
expressed in scale divisions,
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TasLe VIII
MONTH. Moraing maximum. Morning minimum, Afternoon maximum. | Secondary rfter- A.Ibr{l.“:g:.lto
noon minlmum. P. M. AX.
January . . . 710m | — 94,2 11h50= | 41547 4h10m | 1543 11k +4-2¢ 4h 20m
February . . 715 — 9.6 11 40 +4-12.7 4 00 — 0.9 7 +2 4 20
March . . 6 15 — 9.2 11 30 +4-16.4 320 — 2.3 6 +3 3 50
April . . . 6 00 —12.3 11 20 +22.5 3 55 — 6.6 9 +3 4 35
May. . . « . 5 50 — 7.9 10 25 4-15.5 3 10 — 9.8 9 -+4 4 45
June . . . 5 50 — 6.3 10 30 +412.5 3 20 —10.4 8 +3 4 50
July . . . 5 35 — 9.9 10 30 -+19.3 3 25 —17.5 9 +-6 4 55
Auvgust . . . . 5 65 — 8.5 10 10 +-24.8 2 45 —14.2 9 +3 4 35
September . . . 5 35 —~14.9 10 20 +25.9 3 05 — 6.7 7 —1 4 45
October . . 5 00 —12.6 11 15 +13.7 5 10 — 0.1 9 +2 b 55
November . . 6 00 — 9.8 11 25 +11.0 5 15 — 3.0 11 —+0 5 50
December . 7 05 —12.1 12 05 4-16.1 4 35 — 5.1 10 +-4 4 30
Summer . . . 5 50 - 9.8 10 30 +19.6 325 —10.5 l 204 +3 4 55
Winter . . 6 15 — 9.4 11 45 +-13.9 4 10 —22 2 +2 4 25
Year. . . . . 5 55 — 9.6 11 00 +15.6 3 35 — 6.0 | 20% +2.5 4 35

The extreme variation in the epoch of the A. M. maximum is therefore 2" 15™;
the variation for the A. M. minimum is 1" 55=; for the P. M. maximum it is 2" 30™,
and for the secondary afternoon minimum between 3 and 4 hours. In all cases, the
earlier hours occur in the summer season.

Table IX. shows the diurnal range, expressed in scale divisions, parts of the
horizontal force and in absolute measure. In the second column the range between
the A. M. maximum and minimum is given; in the third column that between the
A. M. minimum and the P. M. maximum. These two amplitudes for A. M., and
for A. M. and P. M., are further illustrated in diagram F, which shows the curve
to be double crested, with maxima near the time of the equinoxes, and the greater
of these near the autumnal equinox.

TaBLE IX.—AMPLITUDE OF THE DIURNAL VARIATION OF THE HoR1ZONTAL FORCE.
MONTH. ForA M. |,y gopy| ForAM |,y oipy| Foram !A. M. and P. M.
January .« « .+ . . 2449 2140 0.00091 0.00077 0.0038 0.0032
Pebruary . « . . . 22.3 13.6 081 050 i 34 21
Mareh . « « « « o« 25.6 18.7 093 068 § 39 29
April ., « ¢ . . . 34.8 ! 2%.1 127 106 53 45
May . . . . 23.4 25.3 085 092 36 38
June . .« s+ e . . 18.8 22.9 069 084 29 36
Jaly . + + o . 29.2 36.8 106 134 45 56
Aungust . . . . . 83.3 39.0 122 142 51 59
September .« . . 40.8 32.6 149 119 62 50
October . . « .« 26.3 13.6 096 050 40 21
November. . « + « 20.8 14.0 076 051 32 21
December . . < .+ . 28.2 21.2 0.00103 077 0.0043 0.0032
Sammer . . o o o 29.4 30.1 0,60107 0.00110 0.0045 0.0048
Winter . + . + . 23.3 16.1 0.00085 0.00059 0.0036 0.0025
Year . . o« « o 25.2 21.6 0.00092 0.00079 0.0038 0.6033
In scale divisions. In parts of the horizontal force. Lo absolute measure.
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"The next table contains the epochs when the mean horizontal force is reached in
each day, as computed by the preceding formule.  The diurnal curves intersect
the axis of abscisse four times, of which the table contains only the A. M. and
first P. M. intersection: those later in the afternoon and near midnight occur in
sunmer, winter, and whole year at 7 P. M., 52 P. M., and 6} P. M. respeetively,
aud at 114 .M., 12 P M., and 11 P. M. respectively.

TanLe X.—Prixciran Erocus or MEaAN HorizoNtarn Forcs.
MONTI. ; A M | P M
January . . . . . gt 20m ; 20 36w
February . . . . . 9 23 2 58
March . . . . & 42 2 28
April . . . . 8 14 2 19
May . . . . . 7 44 0 59
June . . . . 7 47 ; O 48
July . . . . . 7 57 0 53
August . . 7 28 0 44
September . . . 7 42 129
October . . . . . 8 08 b 00
November . 8 40 i 3 28
December . . . . 9 34 | 3 03
Summer . . . . .o Th4pm 1h12m
Winter . . . . . 9 00 307
Year . . . . . 8 14 1 54

The above times are generally correct within two minutes (according to the
formulie). The morning hour of average daily horizontal force is less variable in
the course of a year than the afternoon hour.

The following table contains the computed diurnal variation of the horizontal
force. The values have been expressed in absolute measure. It compares directly
with Table IV., which contains the obscrved values. It will be useful for the
interpolation of observations, or for their reduction to the mean value of the day
from observations taken at irregular hours. The table also forms the basis for the
coustruction of diagram G.
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TasLe X1.—CoMpUTED SOLAR-DIURNAL VARIATION oF THE HoORIZONTAL FORCE 1N ABSOLUTE
MEASURE.
The first two places of decimals (0.00) are placed in front of the table.

+ i H ¢ i

1840-1845. | 0% 1b 2n 3 4+ { 5n § én n ge | gn | q0n | o11n 4214

July —061 | —061 | —030| 4015 { 4091 | 4-137 | 4-137 | 4-046 | —107 | —244 | —290 | —244

August 4122 | 4061 | 4030 | 4-030 | 4-061 | 4122 | 4122 | 4015 | —167 | —335 | —581 | —274

| September | 4061|4061 | -4-061 | 4-107 | 4182 4229 | 4198 | 4-061 | —152 | —320 | —381 | —320

October 4046 | 4091 | 4122 | 4167 | +182 | 4182 | 4137 | 4076 | —030 | —~122 | 182 | —213

November 000 | 4-015 | 4030 | 4-061 | 4107 | 4152 | 4152 | 4122 | 4030  —061 : —137 | —167

21| December |—046| 000|030 | 4-061 | 4-091 | 4137 | 4167 | 4182 | 4122 | 4015 | —122 | —229

< | January —0301 000 | 4-030 | -}-046 | 4-061 | 4091 | 4-107 | 4-122 | 4-091 —015 —137 | —229

February | 4030|4061 4076 | 4-076 | 4-091 | 4107 | 4137 | -+152 | 137 40151 —107 | —182

March 4046 | 4061 | 4076 | 4-107 | --107 | 4137 | 4137 | 4122 4030 —076 , —198 | —244

April 4061 | 4-076 | 4091 | 4107 | +137 | 167 | 4182 | 4122 | —015 | —198 | —320 | —351

May 000 000 000 | 4-030 | 4061 -+107 | 4107 | 4046 | —076 | —198 | —244 | —152

June 015 | —030 | —030 | 000 | 4046 | 4+091 | J-091 | 4046 | —061 | —152 | —1862| —305
1840-1845. | 12h | 132 | 14» | 15% | 16d | I7h | 18& | I16h | 20» | 21h | 22u | 23n 421ym

Noon.

July F—091 | 4076 | +213 1 4259 4229 | 4-152 | 4046 | —015 | —061 | —081 | —076 | —076

August —091 | 4107 | 4218 | 4198 | +152] 4076 | 4030 | —015 ; —030 | —046 | —015 | J-015

| Beptember | —152 —015 | 4091 [ 4307 |4-076 | +046 | 4015 000 | 4030 | 4030 | 4-046 | 4076

| October —182| —187 | —076 | —030 | —015| 0001 000} —015 | —015 | —030 | —015 | 4015

o November | —137; —091]—046| 000|4-030|+046 4-046 4030|4015 000 —015  —O015

2. December |—244|—182|—076 | 4015 4061|4061 | 4015 —015 | —046 | —061 | —076 | —061

<. January —229 | —137 | —030 | 4061 | 4076 | 4-046 | +-015 | —015 | —030 | —015 . —015 | —030

| February |—182|—107|—030 4015 | 4015 | —015 | —030 | —030 | —030 -0151_015§ 000

.{March —198 | —107| 000 | 4046 | 4015 | —015 | —046 { —030 | 4-015 | -+-046 | 4046 | --046

| April —2741—137] 000] 4076|4091 |4-061|-+030, 0(»0‘4)30\,_«1505 ooo}+03o

| May ~—076 [ 4046 | 4-122| 4152 | +122 | 4-076 | 4-030 | —015 | —046 | —061 | —046 | —015

| June —040 | 4061 | 4137 | 4-167 | 4137 | 4076 +030\-—01.> —0301—»0461—030;—-—015

Diagram G exhibits the changes in the horizontal force (in absolute measure)
from the monthly normal value for each hour of the day and for each month of the
year. The three variables are: the hour of the day, the month of the year, and
the difference of the horizontal force from the normal. The contour lines of the
magnetic surface differ 0.0005 of horizontal force in absolute measure. Full lines
indicate greater value, lines of dashes less value than the mean; dotted lines repre-
sent the normal value.
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Annuad Variation of the Horizontal Force—F¥or the discussion of the annual
-ariation we make use of the monthly normal readings of the horizontal force as
given in Table I1. If m equals the monthly effect of the total progressive change,
we obtain from the twelve equations by the usual method the value m = + 15.49,
and the correction for progressive change for July and June, for instance, becomes
+ 5.5 m and — 5.5 m respectively.  The following table contains the monthly
normals uncorreeted and corrected for progressive change; also the differences from
the mean for each month, constituting the annual variation.
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TasrLe XIL
Differences, or annual variation.
C refed fo C ted
MONTH. Normals. prog?e::;cvg ch(:trnge. ng;l;x(;:.li. ! 0.000 i 0.00
July e s e . 676.3 -4-85.2 615 +10.6 +39 416
Augnst . . . . 702.2 +69.7 711.9 4 0.2 +01 “+-00
September . . . 24 6 +-54.2 718.8 — 6.7 —24 —10
October A 738.2 +4-38.7 776.9 — 4.8 —17 —07
November . . . 738.5 +-23.2 761.7 (+10.4) (+38) (+16)
December . . . 768.4 <+ 7.7 776.1 — 4.0 —15 —06
January . . . 793.3 — 7.9 785.6 —13.5 —49 —20
February . . . 800.6 -—23.2 777.4 - 5.3 —19 —08
March . . . . 805.7 —38.7 767.0 + 5.1 +19 +-08
April . . . . 828.3 —54.2 7141 — 2.0 — 7 —03
May PR 832.2 —69.7 762.5 -+ 9.6 +35 15
June . . ., . 856.8 —85.2 771.6 + 0.5 402 401
Mean . . . . 772.1 0.0 712.1 In ln parts of the | In absolute
scale divisions. ‘horizoatsl t‘orce.l measure.
. i

With the exception of the month of November, the values given above for the
annual variation are tolerably regular in their progression, and considering the
delicacy of the test applied to the observations in deducing the annual variation,
this exceptional irregularity in the November value will not affect the general
conclusion. We have as the general result: a greater horizontal force in summer
(from April to August), and a smaller horizontal force in winter (from September
to March) than the average annual value. The maximum occurs in July (at
Toronto in June), and the minimum in January (at Toronto in December).

For Toronto we have the expression for the annual variation:—
3.531 + 0.002 sin (6 + 312°).

For Philadelphia (omitting the November value):
4.176 + 0.001 sin (8 + 306°);

the angle 6 in both equations counting from January 15th.

The annual range is 0.0021 (in absolute measure). The transition appears to
take place about the time of the equinoxes or a short time before.

Table XIIIL contains the monthly normal values of the horizontal force in abso-
lute measure, obtained by adding (algebraically) 4.1730 to the values in the last
column of Table XII. These numbers, it will be observed, are corrected for secular
change; if we apply the same we obtain the resulting monthly mean values of the
horizontal force answering to the epoch January, 1843. The quantity A, mentioned
in the explanatory remarks to Table VIL, is given in the last column of Table XIII.
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TasLe XIII
_ ‘ T
' ¢ Monthly means
i Normals corrected BN
MONTH - for ,s'écular chauge. b::ﬁ(:}“:{lrﬁg)
July . ..o 4746 4.1759
August . . . . . 4.1730 4.1740
September . . . Lo 4.1720 4.1727
October . . . . . 4.1723 4.1728
November . . . L 4.1746 4.1749
Decewber N . . Lo 4.1724 4.1725
January . . . . .o 4.1710 4.1709
February ; 4.1722 4.1719
March . . . Lo 4173 4.1733
April . . . . . 4.1727 4.1720
May . . . .o 4.174H 4.1735
June 4.1731 : 4.1718
- i
Mean 4.1730 ! 4.1730




PART VI.

INVESTIGATION

LUNAR INFLUENCE ON THE MAGNETIC HORIZONTAL FORCE,
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INVESTIGATION

OF THE

INFLUENCE OF THE MOON ON THE MAGNETIC HORIZONTAL FORCE.

THE method pursued in the investigation of the lunar effect on the horizontal
force is, in general, the same as that explained in Part II1. of the discussions of
the Girard College observations. The process may be briefly recapitulated as fol-
lows: Each horizontal force observation, after it had been corrected for the effect
of difference from the standard temperature and for progressive change, the dis-
turbed readings being omitted (as fully explained in Part IV.), was marked with
its corresponding lunar hour; the observation nearest to the time of the moon’s
upper transit over the true meridian of the observatory was marked 0°, that nearest
to the lower transit was marked 12", and the observations between, for western and
eastern hour angles of the moon, were marked with the proper lunar hour by inter-
polation. In the hourly series where thirteen observations are recorded in twelve
lunar hours, that observation which is nearest midway between any two consecutive
lunar hours was omitted. Each observation and reduced reading thus marked with
its corresponding lunar hour was subtracted from the monthly normal belonging to
its respective hour, and these differences were set down in tabular form, arranged
according to lunar hours and keeping each monthly result separate for future com-
bination. Let » = any normal belonging to any reduced reading r, the following
tables contain the mean monthly values of the differences n» — 7; a positive sign,
therefore, indicates greater force, a negative sign less force than the normal. It
need hardly be repeated that in the original record of the horizontal force increasing
numbers denote a decrease of the force. The greatest possible difference is 33, the
number of scale divisions, which, according to the criterion, separates a disturbed
from an undisturbed observation. For the formation of these differences which
amount to more than 22,000, the manuscript tables of the reduced record were
used: these tables have already been referred to in the preceding Part IV,

The units in which the differences » — r are expressed are scale divisions, one
division being equal 0.0000365 parts of the horizontal force, or equal to 0.000152
in absolute measure, the mean X being = 4.173 (in units of grains and feet).

The lunar effect on terrestrial magnetism being exceedingly minute, the process
required for its elucidation is proportionally delicate; all the regular and irregular

(63)



64 DISRCURSSION OF THE INFLUENCE OF THE MOON

deviations arising from other sonrces must first be eliminated.  In the method, as
mdicated above, the magnetie disturbances (as far as they could be recognized as
sueh). the dinmal and annual solar variation, as well as the cleven (or ten) vear
imcquality and seeular change, are all climinated, leaving numbers fitted for the
funar research.

The readings taken in the month of June, 1840, have not been used in this
discussion (these had likewise been rejected in the two preceding parts), on account
of the imperfect manner in which the allowance for the progressive change could
only be made at that time.  For the lunar hour 21 in July, 1840, the number of
differences is so small that the mean had neeessarily to be reduced; one-fourth of
its amount was sct down in the table.  In Janunary, February, and March, 1843,
the observations were discontinued, excepting a single daily reading.  These months,
therefore, o not occur in the lunar discussion,

The number of observations used are distributed over the several months and
vears, as shown in the following table.

TABLE [.—NUMBER 0F OBSERVATIONS FOR LUNAR TISCUSSION,
MONTIH I-40-01841 0 1811842, ! T=42-1%43. TR433S 1L t 15441845, [ Sum.
July 207 1 284 204 627 1659
Aunanst 205 i 318 313 622 1783
September . 2649 ! 265 2496 I nhG 1644
October 281 ; 257 *G02 HoT7 1992
Novowber . i 279 207 115 | 564 198
December . i 207 318 603 559 1956
Javuary ‘ 208 - 621 601 1699
February | 250 - ; 575 541 1604
March . . . 297 ! Pap— : 576 6501 1734
April . . . . 271 286 hEG 575 1980
May . . . . | 271 : 299 : 623 ; 612 : 2069
June . : 295 ‘ 309 | 579 : 522 1917
; i
Sumo . . . 0. 2764 1 3400 2633 | 6271 | 6477 22045
| ; |

TaBLe II.—DISTRIBUTION OF THE NUMBER OF
OBSERVATIONS ACCORDING TO WESTERN AND
Eastery Hotr ANGLES oF THE MooN.

YEAR. :“'ostoru hour angles. Eastern hour aagles
1840-41 | 1371 1 1393
1841-42 1688 ; 1712
151943 1320 z 1313
184344 3138 ! 3133
1844-45 i 3499 | 3478
Sum | 11016 ‘5 11029

Tables TT1., TV., V., V1. and VII contain the monthly and annual means of the
Iunar dinrnal variation for the years 1840 to 1845.  The numbers are expressed in
seale divisions.

* Commencement of the honrly series.
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TaBLE 111.—DIFFERENCES FROM THE MONTHLY NoRMALS, 1840-41, WESTERN HOUR ANGLES
of THE Moon.

1840-41. Qb 1k 2h 3n 4n bn 6n ™ §n 9n ion 11k
Up. cul. !
July 42 +1 +3 —9 +3 417 —1 | =17 | 412 —4 -3 | —8
August 0 —4 43 —5 -+6 42 —4 | — 4 | — 2 +2 45 -1
September | —2 0 48 +1 0 —4 -5 | +2 1 —4 —7 +8 |- 4
October —3 —1 —1 +-1 0 —4 5 —4 |41 | =T +7 +4 | 410
November | —6 4-3 0 —4 41 —5 44 | —4 | — 4 +1 +6 | —1
December | —4 —3 43 -+ 4 +2 -1 —5 | — 3 0 +3 —8 |+ 9
January +1 43 —1 +3 -7 . 43 —8 41 | —9 —4 0 42
February +7 +5 0 46 —3 | 44 —2 0 | — 4 0 —2 0
March o +4 41 0 +3 +3 —17 —1 + 8 +1 43 | —2
April o +6 | 41 | —2 | —2 | —1 | —1 | 4+3 —1 | —2 | 41 | —1
May 43 | —8 | 41 | —1 | —8 | 43 | —1 | —1 | —8 0| +2 | —5
June —1 —5 0 —3 +4 +-4 +5 4 8 —1 -+1 -1 — 8
Mean —0.4| +0.5| +1.5| —0.3] —o0.1 +0.31 —2.4 — 1.3] — L5 —-0.21 +1.3, — 0.1
| I
1840-41. 128 130 140 152 16n 17 18s 198 ‘ 208 ‘ 21r ‘ 22h \ 23b
Low. cul. ! [
July 411 | — 9 —5 |+ 2 +6 0 | —2 |—5 +6 | —5 —4 L —2
August +7 146 49 |41 +5 4+2 | +5 | —3 45 | —11 0 1 —2
September | — 2 | — 1 +2 146 +5 +4 |—4 | 41 —2 | —3 -1 | —2
October —16 | 414 -9 |+ 4 -7 +3 | —10 | — 2 —~1 | 48 —3 |+ 5
November{ — 2 |41 | —1 |4+ 4 | —8 0 1 +1 | —1 1| +4 | +6 | 41 {4+ 5
December | +6 |+ 9 | 42 |+10 | —83 | +2 |—6 | —12 | —3 | —6 | 43 |45
January | — 2 | — 4 +3 | —1 -1 —1 |44 | —2 —2 {41 43 | 47
February | — 5 | 4 4 —4 | — 7 —6 +5 |1 4+1 |42 +1 | — 5 +3 |4+ 4
March — 4 0 —5 + 2 —1 +4 | —~10 |4+ 2 | -2 | —2 +2 |4 2
April —1 1—3 43 | — 8 —3 —4 0 |43 —2 |4 2 +4 (4 2
May 48 | —3 0| —3 0 0 |—2 |+ 8 +3 | —2 —2 |+ 2
June +8 | —4 +6 | —5b 47 —8 | —5 | =7 0 | —7 41 | —11
Mean 4 1.0} 408 +0.1§ + 0.4 —_0‘2% 40.6 — 2.31 — 13 +O'Bi ~ 2.1 +O.6i 4+ 1.2
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TaBLE IV.—IMFFEKENCES FROM THE MONTHLY NORMALS, 1841-42, WESTERN HoUR ANGLES
oF THE Moox.
1641-42. oo 1 21 3n 40 5o e e g | gn LI VT
Ty eul i ! i
July 1 4p 0 0 48 —4 0 0 . —2 0 —8 2 0
Augnst —-1 0 — 2 +2 +2 +-3 -+3 0 =5 0 +1 |+ 5
September —3 4§ + 2 —1 4 —1 1 —3 | 41 0 —3 | 410
October 47 =1 |44 44 0l 41 . —1 . 44 | 41 —=2 0 41
November 0 +6 — 3 —+1 —7 0 3 —1 +6 ¢ +3 +1 43
Decomber 485 ¢ —4 412 — —1 —3 +2 —3 ; —2 . —1 —3 [ ]
Jannary —2 48 042 2 —1 7 0 43 ] =2 | 41 +5 | 0
February —d -+1 — 1 —3 +4 -2 +-4 —7 ; =5 | 45 0 i+ 2
March 44 0 43 A2 =1 42 ] -1 42 0 —1 | —1 | —2 | —3
April (T o 41 0 0 +4 +1 +3 ; +2 | —1 0 L 4+1
May 0 L —2 1410 | 41 45§ 4 +6 —4 45 =T -3 | —4
June 41 U + 3 ¢ +4 | =3 —1 —3 . —5 | —b 0 | —3
Mean O LD 2ol 4 25 409 403 411 407 —L1, —04] —13 —0.2 + L0
sl 120 | I3% . 140 | 150 | I6h | 1T 18 | dgh | 200 | 21n [ 220 | 23
Low. enl. : ‘ | i
July 43 —5 43 1 45 +1 —1 —8 —4 41 —1 —1 | 43
Auzust “+1 +3 o 2 +1 —5 —1 +3 —4 —3 —5 | —1
September 43 2 2 . —b6 +5 @ 1 P —2 41 +4 —5 1 +6
October +3 —1 —3 —& —4 —3 7 -3 ; —1 —3 —1 +1
November © —1 44 ~+4-3 —6 —1 —5 . 41 -2 0 -3 —4 —3
December —1 Q0 —1 @ 42 —3 | —3 —1 +1 ‘ 41 +1 +6 +1
January +4 —2 ~2 —4 —1 —05 —3 —3 | 45 0 —3 +2
February 7 +1 +1 —2 —3 0 —8 “+6 —7 +1 +3 +2
Maurch S S O 0 | —6 | —1 0] —2  —1 | 42 | —6 | —1
April 41 41 43 0 -8 L 31 —1 0 —3 | 42| —5 | —3 | —2 | 41
May 0 —5 =3 -3 | 44 6 46 | —4 0 | 43 | 44 | 42
Jane —4 —32 —4 p) 0 42 | 42 +6 46 | —2 +2 +4
Moan 4Lz —01 —0.2, —L5 —0.6 —24] —L1 —0.2] —0.3] —0.3] —L0 14
i | | |
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TaBLE V.—DIFFERENCES FROM THE MONTHLY NORMALS, 1842-43, WEsSTERN HoUuR ANGLES
oF THE Moon.
1842-43. 11} 1t 9h 1 3 4 5h 6 7T gb gb 108 1 11b
Up. cul ! |
July +3 —3 42 —1 | 41 0 +7 +2 0 —4 | +1 —8
August +3 | +1 | —3 0 | —1 | —4 | —3 | 44 | 42 | 41 | 41 | 43
September| +3 —6 —1 149 +4 —1 +7 “+1 ¢ 42 —3 0
October +2 —1 0 41 —6 43 —1 +3 —3 45 —3 42
November | 41 -+3 -1 14 2 +1 41 0 —2 —2 —1 —4 +1
December —32 —3 —6 + 1 —5 0 —2 0 +1 —1 +5 0
January --- .- --- .- “-- - - --- - - - --a
February --- --- - - .- --- --- .- .- .- .- - ...
March --- --- --- --- - --- --- --- --- --- - ---
April —1 | 42 0 410 | 44 | 49 | —1 41 | —3 | —1 +1 | —4
May +3 | —2 | +2 I 4+5 | +3 | +4 | —1 | 49 | —1 | 41 | —6 | 43
June —6 | +7 | —4 |—1 0| 42 0 | —1 | —5 | 44 | —1 | 43
Mean 407 —0.9 -1.05 4+ 2.9 401! 41.6 +0.7\‘ +1.9] —1.20 407! —1.0 0.0
184243, | 12= | 132 | 14n | 152 | 1e» | 17> | 1sv | 19v | 200 | 21» | 22= | 23
Low. cul.
July +1 | 41 | 44 | —2 | 44| —3 | 4 | 4 0| —2 1431
August —2 | 41 41 ] 42 | 42 | —4 | 43 | —5 | —1 | 42 4+ 2 | —2
September| +6 | —1 | —1 | —8 | —3 | —1 | —4 | —1 | —2 | —7 |41 | —8
October 7| =3 ] 42 | — | 41 0 | —1 | 44 | +4 | —3 | 411 | +3
November | —2 —2 —1 —3 +1 -+4 —1 46 0 41 | 41 13-
December | +3 | 43 | 42 | 41 | 43 0 | 41 | 42 | —2 | 44 |—3 | 43
January --- --- --- --- --- --- - --- --- - - -
February .- .- .- .- --- --- - --- .- .- --- ---
March --- --- .- - - - --- - --- .- .= -
April 42 | —2 | +3 | +2 0| —2 | —5 0| —8 | —2 | 41 | —1
May 0 | 41 | 44 0| 41 | —4 | =3 | —1 | —1 | —1 | —1 | —2
June o | 43 | —1 | 44 | —2 | 42| —3 | -3 | 42 | 41 | —7 | 44
Mean +0.1| +01] +1.4] —0.6; 40.8 1 —0.9, —1.9/ 401/ —0.3) —0.8 0.9 1 0.0
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TasLe V1I.—DIiFFERENCES FROM THE MoNTHLY NORMALS, 1843—-44, WESTERN Hotur ANGLES
OF THE MoOON,
I843-44 00 I o2 L 3 4 . | g | e 8o 9v 108 11»
Up. eul. ; ! | | |
July 46 44 42 0 44 45 —4 0 43 41 41 ] —2 | —5 | -2
August 0 42 +2 0 | —1 +2 @ 41 0 =3 ¢ 44 0 ~1 —2 -—2
September; 41 1 —1 —3 | +6 ¢ =2 =1 @ —4 —1 0 —2 0
October | —1 | 44 | 43 | 45 | 42 | 43 | +2 | 1 0 | —2 | —1 | —3
November | +1 @ 41 | 0 ‘} 0 [ 0 ! 0 % —2 0 0 +1 +1
December | 2 41 | 42 | ¢ 0 ~2 i ~1 | ~1 —1 —2 +1 —1
January | 41 0 0 0 —1 ! —1 | 41 | 41 +1 (4] —1 0
February & —1 | —1 +1 42 +1 J -1 0l o +3 0 —1 +2
Mareh | —1 1 —3 | 41 41 | 41 | 41§ 42 | 42 0 | 42 | 41 | 41
April R P 1 +3 | 42 00 4] P41 -1 —32 —3 —2
May E—2 | —2 | o —2 0 0| -1 | =1 ] —2 { —1 0 | ~1
June ! 0 =2 (U 0 : +2 0 42 0 42 0 42 ¢ 41 ;=1 —2 0
Mean L0904 408 4150 0.9 —0.3, 404, 403, 401 —0.8| —12 —0.6
1843-44. | 12 13 | 14 15 | 16 | 170 | 1sh | 19 200 | 2In | 226 | 23
‘Low. cul | i : { ! i i
July =2 =Tl =20 =343 1 e —2 41— | 42| 42
August +4 0 +2 7 =1 | -2 0 +2 41, 41 —2 +4 0
September 43 | 0 +3 |, 43 | 48 +2 —6 —1 ; —6 —3 —32 0
October + —3 | —4 | —2 -1 | = 0 0 —1 @ -1 +1 —2 | —1
November = 1 +2 +2 +2 ! 42 0 | —1 —2 i -1 —1 0 —1
December 0 4 +1 o +1 ] 1] —3 | -4 —4!| 3| —2 0
Janwary | 41 42 —1 -1, —1 -2 0 —1 41 +2 +1 +-2
February ; +2 | 41 +1 +2 +2 ! -3 —2 +1 | —2 —1 —1 —2
March ;41 o —1 0 ! 0 [y —1 —1 —1 —1 “+1 ~3
April ] —4 10 0 0o 42 1 0 0 | 41 0 0 —1 0
May L0 0| —2 00— —3 L 41 | 41 | 41 L 42 | 41
June Eooo 42 | 4 +3 1 42 0 0l 0] 0! —1 ! —2 0
Mean S o403 —os| 4ozl 403) 413 —06) —0.9) —07 —0.9 —0.8] 00| —0.2

Fqual weight has been given to each monthly result in the formation of the
annual mean,
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TapLE VII.——DIFFERENCES FROM THE MONTHLY NORMALS, 1844—45, WEsTERN HoUR ANGLES
oF THE Moon,

1844-45. on 1n 2n 3n 4h §n 6h 7v 8 gh 100k 11b
Up. cul.
July 0 +1 “+1 +1 0 41 +-2 +2 0 41 o —2
August -3 -1 —1 0 +2 0 +1 +3 41 —3 —2 <41
September | —2 0 —1 0 —2 +2 0 +3 +2 +2 +2 “+4
October 0 44 +5 -+2 +3 44 +2 0 0 +1 —3 ]
November | —1 +3 41 +2 41 +3 +3 +3 43 +3 +2 -1
December | —1 0 —1 0 —2 —3 —3 —2 —1 -1 +1 —1
January —+1 +2 +4 -2 —3 —4 —1 —3 0 -1 +4 +2
February 41 41 0 0 +1 +1 +1 +2 —1 —2 0 “+4
March 41 —3 —3 —3 0 0 +1 +1 0 41 +1 0
April —4 +2 +2 -2 0 +-2 0 +2 —2 —2 —1 —1
May +2 0 42 +2 0 —2 0 -1 —2 —2 41 0
June ] —4 -3 -1 0 +3 41 +1 +1 0 —5 —4
Mean —0.9, 40.6 405 4-0.3 0.0 +0.6; +0.6] +0.9/ +01] —0.3! 0.0 { -+ 0.2}
| ‘ ! ! ! 1 ‘
1844-45. 12h 13 14n 158 | 16» 178 18k 19k 200 21 22h 230
Low. enl. !

July 0 0 +1 0 —1 0 0 0 —2 -—2 —2 —3
August +3 +2 +3 —1 0 —2 0 0 -3 —3 0 -2
Sepiember| +-2 -+3 41 41 -1 -2 —3 —3 —4 -3 —4 —4
October +1 +2 41 +2 0 —2 —2 —4 —4 —5 0 —2
November | —1 —4 0 —2 0 0 —3 -2 -1 +1 -—4 —3
December | 1 0 —1 -+2 0 42 +2 +1 ¢ +3 +2 0
January +4 0 42 —1 —5 -4 —4 —4 0 +2 +1 “+2
February +1 +2 +1 —1 -3 —1 —2 -1 —5 —1 —1 —1
March +1 +2 ~1 0 +4 +3 +2 +1 —3 —2 —1 —3
April —2 +1 0 0 41 41 +3 —1 —3 —4 —3 —4
May +1 —2 —2 —_2 —2 0 —1 0 “+1 —3 0 +2
June 41 —1 +1 +2 —1 +4 | 44 +3 +2 42 0 —1
Mean +1.0 +0.4‘i +0.5 0.0, —0.7 —0.1! —0.3] —0.8f —1.8/ —1.2 i —1.0} —1.¢

TaBrLE VIII.——RECAPITULATION OF THE ANNUAL MEANS EXHIBITING THE LUNAR-DIURNAL
VARIATION, FROM 22,045 OBSERVATIONS BETWEEN 1840 AND 1845, EXPRESSED IN SCALE

Divisions.
July to July.| O° 1b 28 ' 3u 45 5b 6 7n gb i) 00 | 1%
Up. eul
184041 | —0.4 | 405 | 415 | —0.3 | —0.1 | 403 | —2.4 | —1.3 | —15 | —0.2 | +1.3 | —0.3
184142 | 411 | 420 | 425 | 409 | 403 | $11 | 407 | —1.1 | —0.4 | —1.3 | —0.2 | 41.0
184243 | 407 | —0.9 | —1.0 | +2.9 | 401 | 416 | 407 | 419 | —1.2 | $0.7 | =10 | o0
184344 | 40.9 | +0.4 | +0.8 | +1.5 | 409 | —0.3 | 404 | 0.3 | 401 | —0.8 | —1.2 | —0.6
184445 | —0.9 | 40.6 | +0.5 | 403 | 0.0 | 4+0.6 | 40.6 | 40.9 | 401 | —0.3 | 0.0 | 0.2
Mean 103 | 405 | 40.9 l+1.1 402 | 407 | 0.0 | 401 | —06 | —0.4 | —0.2 | 40.1
July to July. 1 120 13» 14t 158 168 17 18w 19n 20t 21t 22b 230
Low. eul.
1840-41 [ 41.0 | 40.8 { 40.1 | 404 | —0.2 | 40.6 | —2.3 | —1.3 | 40.6 | —21 | 40.6 | 41.2
181142 | +1.2 | —0.1 | —0.2 | —1.5 | —0.6 | —2.4 | —1.1 | —0.2 | —0.3 | —0.3 | —1.0 | 41.4
184243 | 401 | 40.1 | 414 | —0.6 | 408 | —0.9 | —1.9 | 401 | —0.3 | —0.8 | 409 | 00
184344 | 403 | —0.2 | 40.2 | 403 | 41.3 | —0.6 | —0.9 | —0.7 | —0.9 | —0.8 0.0 | —0.2
184445 | 41.0 | 404 ' 405 | 00 | —07 | —0.1 | —0.3 | —0.8 | —1.8 | —1.2 | —1.0 | —1.6
Mean | +0.7 | 40.2 | 404 | —0.3 | 401 | —0.7 | —1.3 | —0.6 | —0.5 | —1.0 | —0.1 | 4-0.2
| i
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If we give weight to the annual means according to the number of observations,
they would be; one for the first and second year, three-fourths for the third year,
onc and three-fourths for the next year, and two for the last year: a general exam-
ination, however, shows that, owing to the disturbing effect of the progressive
change, the monthly means are very nearly of equal value, derived either from the
bishourly or the hourly series. It will also be shown in the sequel that the lunar
diurnal variation is nearly the same in the summer and winter scasons; the means
of Table V. and thie fina] means of Table VIIL have thercfore been adopted with-
out reference to combinations or weights.

A comparison of the values of Table VIIL among themselves shows them to be
very irregular, although derived from many thousand obscrvations; a five year series
of obscrvations scems barely sufficient to exhibit a tolerably regular progression.
In the following table two groups have been formed, one of results from three
vears, 1840 to 1843, comprising 8,797 observations, the other from the remaining
two vears comprising 13,248 observations.  ¥rom these it appears that the lunar
diurnal variation during these two periods exhibits the same general character.

LUNAR-DITRNAL VARIATION DURING THE PERIODS 1840—-43 AND 1843-45.

' ! ] i
1 ! ! i

Groups. (b 2v 3 | 4k Bh 0 gr 1 Th - gh | gn 1 1om

{ ilzz S0l 4100 —0.3 T —0.2 —1.0
0.9

11k

1840-43 405 405 0 41,0 —0.3 | 0.0 0.3 |
0.6

1843-45 | 0.0 | 405 | 0.7 ‘ L4040 403 405 406 401 | 0.6 | —0.6 | —0.2
| | ! | i ‘ : ‘ ‘ [
¢ | | i | ; H | ! i
Groups. 126 ¢ 183" 0 14+ 0 15% BULIEE VA I S L L/ (L AL 22v | 23»
184043 08 0.3 404 —0.6 0.0 —0.8 | —1.8  —0.5 | 0.0

[ —1.2 402 40.9
184345 407 01 404 402 403 =04 | —0.6 —0.7 —13 | —1.0  —0.5 { —0.9

|
i .

Before proceeding to the analysis of the final result of Table VIII. the scparate
results have been combined into summer and winter groups; the first group com-
prising the months from April to September, the second group the months from
October to March.

Table IX. exhibits the lunar diurnal variation of the horizontal force during the
summer and winter scasons.
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The results are exhibited in the annexed diagram. The number of observations
(about 11,000 for each group) is evidently too small to eliminate the greater irregu-
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T DISCUSSTION OF THE INFLUENCE OF THE MOON

(A —Luxar-Diworxan Varrarion or e Horizoxtar FORCE 18 SrMMER aNp WINTER,

S S St S S E ¥ T TR T T T3 ¥

Seale divisions.
2
—1

S e

~|
1 div. = 0.0000365 parts of the horizontal force.

1

i
L
!

ORI, SV | 1 L i i A i 1 1, 1 t L ] 1 1 TEUIS I WUV SO
on 1 2 84 b 6 7 8 9 101112131415 1617 18 1620 21 22 23 240
U. €. (Western hour angles of the moon.) L. C. (Rastern Lour angles of the moon.) U. C.

—

summer deflection,
——————— winter deflection.

If there is any marked difference in the lunar diurnal variation in the summer
and winter season, the summer range 1s slightly greater than the winter range; as
to the epochy there is no doubt that in winter the lunar maxima and minima are
carlier than In summer, It is a remarkable fact that we have found the same fea-
tures in the lunar effect on the declination. viz., a greater amplitude in summer and
an carlier occurrence of the maxima and minima in winter; the amount of the
shifting of the two enrves appears to be nearly the same.  TFrom the ten year series
of observations at Prague (1840-49) Mr. Karl Kreil found a larger lunar effect in
the summer months than in the winter months,

lecurring to the final values of the lunar-diurnal variation of the horizontal force,
as given in Table VIIL, they can be represented by the usual Besselian form of
periodic functions.

The angle 6 counts from the moon’s upper culmination westward at the rate of
15° to an hour; a + sign indicated greater, a — sign, less force than the average
normal.  The observed values are represented by the following expression:—

g =—0.01 + 0.40 sin (6 + 13° 29") + 0.60 sin (20 + 38° 43") + 0.165 sin (3 0
+ 244° 31").

The three coeflicients are expressed in scale divisions; if expressed in parts of the

horizontal force the cquation may be written as follows: (M signifies millionth parts

of the force.)

M M M M
H¢ = — 0.36 + 14.60 sin (0 + 13°.5) + 21.90 sin (26 + 38°.7) + 5.64 sin (30 +
244°.5.)

If expressed in absolute measure and if » = number of hours after the upper cul-
mination, it may be written
M N M M
Hg=—15+ 61.0 sin (152 + 13°.5) + 91.5 sin (30 n + 39°) + 23.6 sin (45n +
244°.5.)
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The curve is double-crested and is exhibited, together with the observed values,
in the annexed diagram. It presents two maxima and two minima, which are found
from the equation

fflfg = 0=+ 0.40 cos (0 + 13°) + 1.20 cos (26 + 39°) + 0.45 cos (3 0 + 245°).

(

The lunar effect on the declination we have found likewise to present two maxima
and two minima. (See Part III. of the discussion.)

(B.)—LuNAR-DiorwAL VariATION oF THE HorizoxtAL ForcE OBSERVED AND CoMPUTED.
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b1 23 45 6 7 8 9 10111213141516 171819 20 212223 240
U.C. L. C. U.C.

We find: Principal maximum 2" 52 after Upper Culmination; 4 0.87 scale divisions.
Secondary 1 7 “ TLower “ + 0.51 “ “
Principal minimam 6 41 ¢ “ “ — 0.87 « “
Secondary  « 8 19 <« TUpper s —0.45 “

The epoch of the horizontal force tide for the high values is nearly 2 hours after
the culminations, and for the low values it is 71 hours after the same phases.

For Makerstoun, in Scotland, at General Sir Thomas M. Brisbane’s observatory,
in 1843-46, Mr. J. A. Broun found (Trans. Royal Society of Edinburgh, Vol.
XIX. p. 11, 1849) the smaller maximum of the horizontal force 2 hours after
upper culmination, the greater maximum 1 hours after the lower culmination, the
smaller minimum 8 hours after the upper culmination, and the greater minimum 9
hours after the lower culmination.

At Prague all extremes appear from 2 to 3 hours later. Mr. Karl Kreil (Denk-
schriften of the Imperial Academy of Sciences, at Vienna, Vol. V. 1853), found
from the ten year series at Prague (1840—49) maxima of horizontal force between
four and five hours after the upper and lower culminations, the latter being the
greater of the two; and minima between ten and eleven hours after the same
epoch, that after the upper culmination being the greater of the two.

From the Toronto observations, continued for five years, Major-General Sabine
deduced the formula (see Vol. IIL. of the Toronto Magnetical and Meteorological
Observations, London, 1857).

A, = + 0.05 4 0.215 sin (a 4 353°.6) + 0.3324 sin (2 a + 13°.5).

10



T4 DISCUSRSTION OF THE INFLUENCE OF THE MOON

The eocflicients are in decimals of seale divisions (1 div. = 0.000087) parts of the
horizontal foree); the angle « counts from the superior culmination, giving a curve
of which the general features are in exact accordance with those deduced from the
Philadelphia observations, viz: a principal maximum after Upper Culmination, fol-
lowed by the secondary minimum ; the secondary maximum after the Lower Cul-
nination, followed by a principal minimum.  The times and amount of these values
arc compared in the following Table X,

TanLe N.—Covrarisox oF THE LuNar-DivrNan Variation oF THE HoRIZONTAL COMPONENT
or THE MAGNETIC TTORCE AS DEDUCED FROM 22,045 (OBSERVATIONS BETWEEN 1840 AND 1845
AT PHILADELPIIIA, AND AS DEDUCED FROM 34,303 OBSERVATIONS BETWEEN 1844 AND 1848
(A FIVE YEAR SERIES) AT TonroNTo, CANADA.

Puiladelphia. Terouto.

Thne of principal maximaom 2t.9 after up. cul. 3k after up. cul.

vt mecondary minimmm .0 L L L . . . 8.3 & b 9 b ¢
“ 8 wecondary maxinwum . . L 0 . . 0 . 1.1 ¢ low. cul. 2 ¢ Jow. eul
¢ ¢ prineipal miniwawm o0 . . 0 0 0. 6.7 ¢ “ 8 ¢ “

Amount

“

5

of principal maximum
secomlary minimum
“ secondary maximum .
¢ principal mininmuam

In parts of ho

rizontul forec.

—0, 000016
~4-0.000019
—(.000032

4-0.000046
—0,000010
~-0.000024
—0.000041

In abzolute measure.

Amount of principal maximum . . . 4000133
o “osecondary mintwum —0.000068
“ ¢ gecondary maximum . 4 0.000078
“ ¢ principal minimuam —0.000133

Probable error of any single representation of the Philadelphia values = + 0%.25
= + 0.000009 parts of the horizontal force = + 0.000038 in absolute measure.

Luvestigation of the Horizontal Force in Reference to the Lunar Phases.—The fol-
lowing process of reduction has been adopted: After marking the days of the full
and new moon. and also the days preceding and following, the daily means of the
horizontal force readings were taken (already corrected for difference of tempera-
turc and progressive change.) In the place of any disturbed observation, the
monthly normal, belonging to the respective hour, was substituted before taking
the daily mean.  All accidental omissions in the record of the hourly or bi-hourly
series were supplied by the hourly normal of the month. The means thus obtained
are independent of the solar diurnal variation. The monthly normal was next
compared with ecach daily mean and the differences (normal minus mean) were
tabulated.

A positive sign signifies a greater; a negative sign, a less force than the normal
value.  As the results deduced from a single year are yet too much affected by the
incidental irregularities of the observations, the collective results from the five
year scrics (1840-45) are herewith presented.
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TaBLE XI.—INFLUENCE OF THE LUNAR PHASES ON THE HORIZONTAL FORCE.
Scale divisions. : Parts of the hor. force. 5 Tu absolute mearare.
One day before fullmoon . ., . . . . . . —1.0 —0.000036 —0.00015
On the day of fullmoon . . . . . . . . —1.5 —{. 000055 —06.00023
One day after fullmoon . . . . . . . . —0.2 —0.000007 —0.00003
Ouge day before new moon . . . . . . . . 4-0.0 +4-0.000000 -}-0.00000
Onthedayof newmoon . o+ « . « « o+ . +2.4 +0.000091 -}-0.00038
One day after newmoon . . . . . . . . +0.9 +0.000033 -}-0.00014
Difference for new-fullmoon . . . . . . . 3.9 0.000146 0.00061

The average number of observations from which any one of the above six means
were deduced, is over 800, and the probable error, in scale divisions, of any one of
the results is + 0.7 (nearly).

From the Makerstoun observations, Broun found for the years 1843-46, a
minimum at the time of the full moon, and a maximum at the time of the new
moon; Kreil, from the Prague observations, between 1843-46, found the same
result, all in accordance with the Philadelphia results, as given above. It must be
remarked, however, that after the year 1848, Kreil found that the signs were
reversed and consequently it appears that the lunar influence on the horizontal
force is subject to a cycle of short period. This last remark does not apply to the
effect of the moon’s declination and variations in distance.

Influence of the Moon’s Changes of Declination on the Horizontal Force—The
method of investigation is precisely the same as that adopted for the phases. We
find :—

TasrLE XIL
Scale divisions.

One day before the greatest north declination ) .
On the day of “ “ “ -+0.6
One day after « ¢ “ “ 42.2 Mean +1.1.
Two days after * “ o “ 4-0.9
On the day of the moon’s crossing the equator —1.2 Probable error of any one result 0.9,
One day before the greatest south declination —3.4
On the day of ¢ “* “ “ —0.9
One day after ¢ ¢ “ o +0.9 Mean —0.6.
Two days after “ “ “ +1.0

It seems probable that the greatest effect takes place rather a day after than on
the day of the moon’s greatest declination. Taking means, as indicated in the
above table, we find about the time of the maximum north declination an increase
of horizontal force of 1.1 scale divisions (or 0.000040 parts of the horizontal force);
at the time of the moon’s crossing the equator the force is decreased 1.2 scale divi-
sions (or 0.000044 parts of the horizontal force); the horizontal force also appears
decreased about the time of the moon’s greatest south declination; the amount is
about half that of the other two cases, and is somewhat doubtful, from an apparently
excessive value on the preceding day.
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According to Broun, there is at Makerstoun a maximum horizontal force at the
time of the moon's greatest north and south declination, with a minimum force at
the time of her erossing the equator; in two cases, therefore, viz: for north decli-
nation and no deelination, the Makerstonn and Philadelphia results agree; while
i the third case they disagree or remain doubtful.  Kreil's results, from the Prague
observations, do not appear to me sufliciently decisive and regular to admit of com-
parison,

Injluence of the Moow’s Variation in Distance on the IHorizontal Force.—By a
process of reduction similar to that followed in the preceding investigation we
find :—

Tapre X111

Seale divisions.

| |
One day before perigee . . . . . o —L1.5 | 5. d.
On the day of v . . . . . . —1.9 l Mean —1.8.
One day after “ . . . . . —2.0 |

i

One day before apogee . . . . . . +2.7 !
On the day of “ . . . . . . +2.3 | Mean —2.4.
One day after “ . . . . . o —+2.7 i

i

The probable error of any one result is about the same as in the preceding re-
sults (Tables X1, and XIL). The results for variation in the moon’s distance are
more cousistent and satisfactory than those depending on the phases and declination
changes.  The lunar effect is to diminish the horizontal force by its 0.000066 part
in perigee, and to increase it by its 0.000088 part when she is in apogee.

The Prague results are the same, viz: a greater horizontal force at and after the
moon’s apogee than at and after her perigee; a three years’ series of observations
at Milan, however, do not agree therewith.

In no branch of magnetic research would additional results from independent
observations, particularly at stations widely apart, be more acceptable and valuable
than in the study of the lunar effect in its various manifestations,
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PART VII.

INVESTIGATION

OF THE

ELEVEN (OR TEN) YEAR PERIOD, AND OF THE DISTURBANCES OF THE
VERTICAL FORCE.
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INVESTIGATION

OF THE

ELEVEN (OR TEN) YEAR PERIOD, AND OF THE DISTURBANCES OF THE
VERTICAL FORCE.

— e

THE obscrvations of the vertical component of the magnetic force were com-
menced in June, 1840, and continued, with an exception in January, 1841, without
interruption to the last of June, 1845, To keep up the continuity of the series, a
daily reading was taken at 2" 17 P. M. during the months of January, February,
and March, 1843. TUp to October, 1843, the observations were bi-hourly, after-
wards hourly.

Instruments.—From June, 1840, to the end of the year, the observations were
made with a balance vertical force magnetometer of Lloyd’s pattern. It was at
first mounted in the eastern building of the College, but was removed to the obser-
vatory in the latter part of July. While in the College an increase of the readings
corresponds to a decrease of vertical force; at the observatory increasing readings
denote increasing force. The instrument was made by Robinson, of London; the
magnet, the axis of which was mounted as nearly as possible transversely to the
magnetic meridian, was 12 inches in length, having at its ends cross wires set in
copper rings. For a full description see Dr. Lloyd’s account of the Magnetical
Observatory of Dublin, and the preface in volume I, of the record of the Phila-
delphia observations. '

In January, 1841, the Lloyd instrument was replaced by a reflecting vertical
force magnetometer, made at my suggestion by Mr. J. Saxton. The bar of this
instrument was two feet and one inch in length, two inches wide in the middle,
one and a half near the ends, tapering to nothing at the ends, and a quarter of an
inch thick. The magnet was of steel and hardened as perfectly as the maker could
cffect. By means of a ball moving on a fine screw, its equilibrium could be changed.
The mirror projected outside the box, and the motion of the bar was observed by
means of a telescope. At the top of the box was a piece of plate glass through
which a thermometer (of Francis’ make) could be read. For further particulars
sce p. vii, of the preface to volume I of the record. For some time (between
three and four months) after being put up, the bar lost considerably of its magnetic
force, and after being in use four months, a movement of the adjusting ball upon
the screw was required for placing the readings again near the middle of the scale.
By this adjustment, the sensibility of the apparatus was not interfered with.

The value of a scale division of the Lloyd instrument, expressed in parts of the
vertical force, was carefully determined and found to be =0.0000165, both in the

(3)
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College building and at the observatory. This value being known, I considered
that the value of the scale of the new reflecting magnetometer could best be ascer-
tained by comparison with the former. The result of this, continued at intervals,
was, that two divisions of the new scale were equivalent to one of the old, or that
a change of one division of the reflecting instrument corresponded to a change of
vertical force of 0.000033 parts. This was after the instrument had been finally
adjusted.

The only disadvantage in the new instrument was the large effect of changes of
temperature upon it; by direct observations it was found that a change of 1° (¥.)
of temperature produced a corresponding change of 13.5+ 0.25 scale readings,
whereas in the Lloyd instrument the corresponding change was but 3.12 scale
divisions.  We have accordingly for the Llovd instrument ¢=0.0000515, and for
the reflecting instrument ¢==0.000446.  The values actually used in the reduction
of the observed reading to a standard temperature will be seen further on.

The importance of ascertaining the most correct and suitable coefficients of tems-
perature for the two series of observations, demands a more detailed statement and
claborate discussion of the observations themselves independently of the special
trials.  Lxperience has shown that the value for ¢ deduced from thie differential
intensity obscervations themselves, with the magnet subject generally to gradual
and small changes of temperature, is smaller by a considerable fraction than the
value found by direcet and special observation during which the temperature changes
arc necessarily more violent.  There is no doubt that in the reduction to a standard
temperature that value of ¢ should be used which was obtained while the magnet
was under its ordinary influences and condition.  The same view is taken by Gene-
ral Sabine, and was also carried out in the discussion of the horizontal component
of the maguetic force; for which sec the preceding paper (Part IV).

Determination of the Lffect of a Change of Temperature on the Readings of the
Vertical Force.

(A.) Results of special observations made for determining the temperature coeffi-
cient. 'The correction for temperature of the Lloyd vertical force magnetometer was
ascertained by the usual method of vibrating the bar when suspended horizontally,
and when alternately heated and cooled artificially.  The thermometer was placed
with its ball near the axis of the magnet. The changes of the horizontal force
magnetometer, while these experiments were going on, were noted and allowed for.

| |
Date. Time of 10 . Temp. | Readings of Temp.
Feb'y, 1841. | oscillations. (F.) E Horz’'l force. (F.)
9th 870950 | 31°.2 | 11388 | 25°6
“ 87.900 | 41.0 1079.3 36.5
“ 8R.117 i 94.6 1139.5 36.1
Result &7.990 39.1 2 —4? -
“ 88.117 f 94.6 % hence q:i':t . ;;2-;;220.0000020

which is equivalent to 3.15 scale divisions; in the first reduction of the record 3.12
was used.
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Before putting the reflecting vertical force magnetometer in its place in January,
1841, obscrvations were made for its correction for temperature by means of deflec-
tions; the result, however, was not satisfactory, owing to the small difference in
the deflections at high and low temperatures, and the necessity of keeping the bar
at a proper distance from the declinometer to prevent the possibility of a permanent
change of magnetism. The weight of the mirror and other fixtures of the bar ren-
dered the method of horizontal oscillations impracticable without their removal, and
it was finally decided to determine the value of ¢ by means of a subsidiary instru-
ment kept at a uniform temperature in a separate building, while the vertical force
instrument at the observatory was subject to considerable fluctuations of tempera-
ture. The subsidiary instrument consisted of a small dipping needle mounted on a
knife edge, and rendered horizontal by weighting it. The indications, however,
did not prove very satisfactory; 14 scale divisions were indicated as the correction
for 1° change in temperature. Subsequently an inclinometer, according to Prof.
Lloyd’s plan, was mounted as a subsidiary instrument, and observed twice a day
with the vertical force instrument at the observatory. The mean values, expressed
in scale divisions, thus found between February, 1843, and January, 1844, are as
follows:—

13.3 143 144 123 122 13.1 and 154

Average value 13.56 + 0.25. In the first reduction the value 13.5 was used.

(B.) Investigation of the temperature coefficient from the regular series of
observations. We will first examine the principal series observed between 1841
(February), and 1845 (June), with the reflecting magnetometer. In February,
March, April, and May, 1841, the readings gradually increased and approached the
end of the scale, requiring a readjustment of the instrument after May 22. It was
supposed that —529 scale divisions would be an approximate correction for refer-
ring the observations to the indications of the scale subsequent to May 22, the
uninterrupted series of observations commencing with June 1, 1841. The following
table contains the wncorrected monthly means of the vertical force magnetometer
together with the observed mean monthly temperature taken directly from the
record. The tabular means for January, February, and March, 1843, when the
instrument was read only once a day (at 2" 17™ P. M.), were obtained as follows:
The difference between the daily mean and the mean at 2" 17 P. M. was ascer-
tained for each month, from the records of the preceding year (1842) and the fol-
lowing year (1844). The mean correction to the average reading at 2" 17 P. M.
to refer the same to the mean of the day and month is +18.6, +14.4, and +11.2
scale divisions for the months of January, February, and March, respectively.
These corrections have been applied.
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Tapik I.—U NCoRRECTED MoNTHLY MEANS 0F VERTICAL FORCE MAGNETOMETER AND CORRESPOND-
NG MeAN Montuny TEMPERATURES.
3841, | i Plaly . . 79219 7705 | 1844, |
February . . ! 105910 355,58 | August 775.9 75.4 | January . [ 63611 57C.0
March . 236.2 43.96 || September 775.0 74.3 || February. .| 657.4 59.2
April . . 357.4 50L& 1 October . 763.8 1.4 March. . .| '769.5 67.2
May . 6 56.2 | November 725.0 66.8 f April . . . | 7501 65.4
Fuang RIS AR December L6728 | 62.5 . May . . ; 798.4 69.9
: Tt $10.3 = 1843, | ! GJune . . .| #4511 73.6
¥ Aunst 776.1  75.85 ; January . .| 6819 64,0 | duly . . .1 913.2 7.2
é September 7025 71.1 - February. 615.8 57.6 é“?“St o 8]_'-: 45*3
§ October 487 545 | March. 555.5 53.8 | September . 1 &60.7 7.7
i November 334.8 47.8 April . . . 7624 713 | October . 8347 71.2
December 5341 | 59.8 May . . .| 7341 | vo.4 | November . ' 74832 63.9
Ia42. | June . . . 7846 4%5.9 | December . o 695.6 60.8
January . §79.4 | 677 1 July . . .| 005 | 774 | 1845.
February , 695.5 | 65,0 - August . 817.1 | 77.8 | Janmary . . ' 712.8 62.2
March . 668.9 1 66.8 | September T97.9 ¢ 74.3 February. . 650.1 56.3
Aprit 671.2 ‘ 67.4 [ October . .1 T49.0 ! 696 | March. . LT 60.2
May . 693.9 1 69.7 | November LoT2s.9 | 64T April L. . T2L1 65.7
June . . . T80 | TL9 | December . 705.9 | 625 . May . © 688.8 64.1
a ! | | | 4 June . . .0 8111 74.2

Combining the preceding values by months, we obtain a complete scries extending
The first five months are necessarily omitted ; the break in the

over four vears.

series occurred between the 4th and 5th month.,

Uncorrected readings of the vertical force magnetometer.

=0.000033 parts of the vertical force.

One division of scale

Mouth, 184142, 18494, 184344, 1844-45. 184145,
July . . 8§10.3 7929 800.5 i 913.2 829.2
Aungust . L 776.1 775,49 1 817.1 ; 877.2 811.6
September . L5025 7500 T9n9 | 8607 784.0
Octaber . . . . . 448.7 763.8 : 749.0 ; 834.7 699.1
November . 339.8 T25.0 | 7280 | 7482 635.2
December . . B34 672.8 1 7059 ‘ 695.6 652.1
Junuary . 670.4 681.9 : 636.1 ‘ 712.6 677.5
Febroary 695.5 615.8 i 657.4 ! 650.1 654.7
March . N 66=.9 555.5 769.5 : 675.7 667.4
April . . . . 671.2 762.4 750.1 i 721.1 726.2
May . . . o 693.9 734.1 798.4 i 688.8 728.8
June . . . - | 718.0 784.6 845.1 811.1 789.6
|
Mean . . . 721.3
Corresponding readings of the thermometer (¥.).

Month. 1841-42, 1842-43. | 1843-44. 154445, 184145

Inly . . 770.6 770.5 7iC.4 77°.2 770.42
Aucust . . . . . 75.85 75.4 1.8 75.4 76.11
September . . 711 74.3 74.3 7.7 72.85
October . . . . i 4.5 . 71.4 69.6 71.2 66.68
November . . . ! 47, : 66.8 64.7 63.9 60.80
December 59.6 ! 62.5 62.5 60.8 61.35
January . . . 67.7 64.0 57.0 62.2 62.72
Febraary . . . 65.0 | 57.6 59.2 56.3 59.53
March . . . . 66.8 i 53.8 67.2 60.2 62.00
April . . . . . 67.4 71.3 65.4 65.7 67.45
May . . . . 69.7 . 70.4 69.9 64.1 68.52
June . . . 71.9 j 75.9 73.6 74.2 73.90
Mean . . . . . 67.45
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The last column contains the mean readings. They may be represented by the
equation :—
V="V, + Aex + Aty
where o= monthly amount of loss of magnetism and effect of secular change.
y= change in magnetometer reading for a change of temperature of 1°F.
Ae= epoch—middle epoch. The middle epoch is J anuary 1st.
At= temperature—mean temperature.
V..= mean reading of the vertical force magnetometer.
V= any of the monthly means to be represented.
From the 12 conditional equations, we form the normal equations
— 828.90= + 143.000 z— 85.335 y
+ 4685.73=— 85.335 o + 443.120 y
whence # = 4 0.577, the monthly change, equal to nearly 7 scale divisions for
each year.
And y = 4 10.68 scale divisions, the correction for temperature for 1° F. This
18 not quite three-fourths of the value found by direct measure,
Second determination of the temperature coefficient by means of alternate com-
binations by seasons.
The mean values for each season have been directly formed from table No. 1.
The value in June, 1845, is necessarily omitted.

* ! Aliernate means. Differences., |  Temp.
i : | coeficient.
1841 JunetoNovember | 63383 | 660.89 | |
1841-2 | December to May ! 657.2 66.03 6954.8 690,88 43846 -$-30.85 105.0
1842 June to November . 758.4 72.88 663.8 64.65 -—94.6 —8.23 11.5
1842-3 December to May | 670.4 63.27 769.0 73.08 -4-98.6 -+9.81 10.1
1843 June to November | 779.5 73.28 695.0 63.40 -—84.5 —9.88 8.6
18434 December to May 1 719.6 63.53 813.0 2.72 +4-93.4 -+9.19 10.2
1844 June to November | | 846.5 72.17 705.1 62.54 —~141.4 —9.63 14.7
1844-5 | December to May | 690.6 61.55
Mean . . . . . 3 10.85
By preceding method .| 1068
Mean, adopted . . . . 10.77

‘We have for the reflecting magnetometer & = 0.000033 -qk.__ 10.77, hence ¢ =

0.000355. For comparison we have the corresponding values at Toronto.]q——_:l.SO

and ¢==0.000113.

The scale value % at Toronto is 0.0000628, nearly tmce as large as at Philadel-
phia. The comparatively large value for ¢ at Philadelphia is most probably due to
the large size of the bar which prevents a thorough hardening, a circumstance
which undoubtedly also contributes to the difference exhibited by the resulting
value of ¢ as found by the direct and indirect methods.

The magnitude of the temperature coefficient requires that the standard tempera-
ture should be the mean temperature at all the readings. The average temperature
between February, 1841, and June, 1845, is 66°.0, which has been adapted as the
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standard temperatare to which all the vertical force readings, taken with the reflect-
ing magnetometer, have been referred.

A close examination of the record of the Lloyd balance magnetometer, which
was used in June and July, 1840, in the College, and afterwards at the observatory
during five months, proved that in point of accuracy it would not compete with the
reflecting magnetometer mounted in January, 1841, and continued in use for four
vears and a halt,  Owing to some imperfection in the first named instrument, its
indications were very unsteady, and at times fitfully changeable ; thus in September,
October, and December, there are differences in the daily means (deduced from
twelve readings and referred to 32° Fahrenheit) of adjacent days of more than 200
scule divisions, and in one instance (October 19-20) amounting cven to 256
divisions.  In August there is a change of 389 scale divisions in three consecutive
davs. and in October (17th to the 20th) one of 477 divisions in the means during
the same interval.  There is besides a large progressive change, showing that the
instrument was in a very unstable equilibrium ; this change amounted in the first
month to over 300 scale divisions. An attempt was also made to deduce a tem-
perature cocfficient by comparing mean daily readings of short and specially selected
periods of a few days each, with average high and low temperatures, but it failed
for want of sufficient uniformity in the indications of the instrument. In such a
series the disturbed indications could not be recognized and separated from the
reeular readings, It was finally concluded to make no use of the observations
prior to January, 1841,

Leduction of the Observations, between February, 1841, and June, 1845, fo a
wilform Temperature—A table has been constructed, with the observed tempera-
ture as the argument, giving the reduction for difference of temperature from
the normal temperature (66° Fahr.); by means of this table each observation has
been referred to its corresponding value as the standard temperature. Table No.
2 contains the monthly mean readings for cach observing hour; the time is local
time, and reckoned from midnight to midnight to 24 hours. The tenths in the
rccord have been omitted, as of no spccial value, since an error in the recorded
temperature of only 0°.1 affects the magnetometer reading by more than a scale
division. An increase of scale readings corresponds to a decrease of vertical force,
and one division equals 0.000033 parts of the force. Accidental irregularities in
the record are especially referred to in foot notes.

The tabular values are directly taken from the manuscript tables containing the
single reduced rcadings and their monthly means.

In the present state of our knowledge regarding the occurrence of the dis-
turbances it is not safe to make any interpolations in the magnetometer record in
casc of an accidental omission; a rule which has been strictly adhered to.
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TaABLE I1.——REcoRD oF THE Mo~nTHLY MEANS OF THE VERTICAL FOoRCE MAGNETOMETER READINGS
FOR EACH OBSERVING HOUR, AND REDUCED TO UNIFORM TEMPERATURE OF 66° Fan.

|

| i ; | ' |
184l | o 2 ’ 4 6 | 8 10 §Noon.! 14 1 16 | 18 | 20 ; 220 | 417

Fobruary | 861 | 861 | 860 , 857 | 851 = 846 | £45 | 849 | 847 ST8 | 872 | 867
March 956 | 954 | 949 | 943 | 936 - 933 | 931 | 928 | 941 = 953 | 957 | 957
April 1004 | 997 | 994 . 988 | 982 982 | 981, 982 | 989 | 997 | 1006 | 1009
May 11033 | 1031 | 1030 | 1021 1012 | 1609 | 1008 | 1008 | 1012 ' 1022 | 1037 | 1043
June | 641 | 634 | 631 | 621 | 618 | 618 | .616 | 620 ] 627 641 ' 652 653
July 704 698 | 686 675 | 669 . 666 | 667 | 700 | 684 695 | 708 707

August 684 680 673 . 665 1 664 | 655 | 653 ¢ 659 | 603 0 672 1 686 . 690
September | 665 660 657 | 651 4 642 | 633 | 632! 632 637 646 | 656 | 662
October 583 582 578 . 572 | 562 | 559 . 561 | A61 | 569 | 577 | 581 : 582
November 540 543 540 © 544 § 031 | 528 | 526 | 527 | 532 . 535 ] 538 ¢ 540
December 602 595 595 i 599 J 593 |

1 ! {

508 605 600 606 | 613 613 613

Notes to the above table :—February 25th, 6* 17™, temperature interpolated, 28°. March 24, 0* 172,
reading 32 minutes late, {==46°.8. March 11th, 22" 17™ reading 49™ late, £=41°7. March 27th,
20" 17, reading 40™ late, {==64°.8. March 29th, 22% 17™ reading 43™ late, {=50°.5. April 9th,
16™ 17™, reading 25™ late, r==920, {=5%7°.6. April 30th, 0" 17, reading 59™ late, »=805, {=49°.3.
May 22d, 14* 17™, observations discontinned. Between this date and June Ist the instrument was
readjusted, the corrections required to make the readings of the first four months comparable with the
continuous scries following will be investigated further on. June 29th, 22% 17™ reading 38™ late,
temperature 81°.8, interpolated.  July 22d, 16™ 17™, temperature 84°.5 interpolated.  Augast 23d,
24th, seven observations were omitted between 20" 17™ and 8" 17™ on account of the magnet being
fixed by a spider’s line which was found attached to the mirror. August 24th, 14" 17™, observation
rejected, the sun shining on the box. Oectober 4th, 16® 17™, sun shining on the needle ; October 13th,
220 17, observation 7™ late; October 28th, 22" 17™ observation 67™ late. In December the variations
of temperature are unusually large ; they seem to demand a greater value of the temperature coefficient.
December 8th, 16® 17™, observation 8™ late; December 20th, 4" 17™, observation 9™ late ; December
30th, 18" 17=, temperature 69°.0, interpolated.

TABLE 1I.— Continued. VERTICAL FORCE READINGS AT 66° Famn.

| | ‘ ‘ |
1842. . o 2 4 6 ! 8 | 10 |Noom. 14 | 16 ! 18 | 20 | 22 §+17§m

}

Jannary | 651 651 663 659 657 651 . (61 . 648 | 660 | 679 | 674 | 674
February | 705 704 714 714 707 698 1 704 © 696 699 | 714 | 707 | 701

March 661 656 662 664 663 | 662 | 65h 649 665 667 673 | 666
April 666 655 | 659 655 663 = 654 @ 649 643 | 645 6656 | 667 670
May 662 655 657 649 | 646 . 647 | 652 @ 644 | 647 | 654 | 664 | 665
July 690 - 685 675 667 663 656 652 | 651 656 | 669 681 684

Jane 674 ;. 669 663 | 658 | 648 i 643 | 639 , 640 | 636 | 652 | 665 | 663
I

August 689 687 685 682 875 668 | 655 655 | 665 | 677 | 684 | 686
September | €98 692 696 689 686 677 | 671 671 673 | 679 | 690 | 698
Qctober 707 659 703 712 696 709 ¢ 708 707 | 707 | 709 | 711 | 706

November 718

710 723 25 713 715 | 713 713 716 711 718 718
December 708

708 714 709 716 711 1 709 1 707 | 705 | 70 4 T13 | Ti3

Notes to above table :—Febrnary 3d, 14® 171™, the temperature 73°.5 is interpolated. May 9th,
10" 174™ the temperature 59°.6 is interpolated. June 6th, 0* 174™, 2® 174™, and 18* 174", the tem-
peratures 70°.4, 71°.0, and 74°.4 respectively, were interpolated. August 3d, 12" 174®; b5th,
22" 174=: 6th, 10* 174, and 31st, 14" 174™, the temperatures 69°.0, 73°.7, 76°.0, and 67°.6
respectively, were interpolated. September 1st, 22" 174", the temperature 77°.0 is interpolated.
October 8th, 2* 174™; 21st, 10* 174, and 28th, 6™ 174™, the temperatures 66°.1, 68°.1, and 70°.8
respectively, were interpolated. November 3d, 14" 174™; and 16th, 6* 174", the observations are

6= and 7™ late.
2
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TaAsLE Il.—Cont/nued.  VERTICAL ForckE READINGS AT 66° Fan.

1543, [l 2 4 ¢ 6 8 10 Noon.| 14 | 16 18 l 20 22h 4231w
\ g 417 i !
! i ‘
Jaunuary : ! P685 | |
Febraary ‘ ; | : o092 ‘ i ;
March | | | | 676 ! | f i
Aprit 715 713 o712 78 THI 0 T0% 68T 697 696 . 706 ¢ 708
May 692 697 LoBa0 683 650 677 L 666 678 679 1 €97 690
June 646 [HIN ) 677 GGY 664 | 060 G659 1 671 ¢ 681 690
July 612 65U N g1 673 0 604 G660 . 660 667 | 678 | 686
August TOZTo3 O TOT O Tuh 6Yh 62 ] 670 . 672 0 672 1 682 ! 604 698 |
September 722 72000721 0 716 T T0h 694 | 093 694 ¢ 701 ¢ 710 708
October 14 Tos o T14 717 T4 703 T2 1703 o4 0 714 0 719 0 T4
November 40 TAT O T 744 743 740 T3 T35 746 ) 750, 748 45
Duecernber 749 87T 4 T4 T4 734 78 24 1 738 55 | 759 762 754
: i |
Additional odd hours ohserved.
o : ' i :
1848, 1w 3 5% 9 & 11 13 15 17 119 21 23k 4231m
October Tie Ty 71K 71l T4 700 Tul 702 709 717, 715 717
Novewber 73T 740 745 747 742 0 735 731 741 750 751 | 746 747
Decentber 41 738 12 T3 738 0 T2 725 747 755 T63 . T06 757

Notes to e above tabile :—January 4th, February 1st, and March 24th, observations T, 71™, and
20 Iate, respectively.  In A pril seven readings were supplied Ly the observers, also one in May
ami one in June.  July Bth 0 235 observation 6% late. August 10th, 16 231™, observation sup-
plied by observer.  Awugust 20ih, 08 2257 observation 12" Jate.  September 20th, 0" 231", tempera-
wure supplied by observer.  November, six readings supplied by observers. December 1st, 48 231m;
December 9t 10 235 December 12th, 210 284", and December 224, 5" 235™, observations 5™, ¢,
1A%, and 80 fate, respectively. Deeember T0th, 2% 233= o printing error of 200 scale divisions was
corrected. Devember S0th, 8" 2357 reading supplied by observer.

Tasre . —Continned,  VERTICAL ForeE READINGS AT 66° Fam

3 i o ‘ - ! a9

1544, 0 1 2 , 4 56 7 8 9 | 10 11v 42w
January THh 733 31 751 7330 736 0 783 733 731 730 76 717
February 7o 731 720 T30 3300732 ) 733 T34 727 725 727 720
Miarch 759 o8 THR B T60 0 Te2 T63 760 55 759 761 762
Aprit 76 760 763 Tid e T6Y 763 759 wHa 751 746 740
Muy TT2 TS To6 o T8 T6T 764 Teo 754 40 4T | 47 T4
June TT= T8 e T2 71 THE T8 70 TH2 TH0 749 1 747 i
July S04 ROT 803 802 801 1 Tos | 7ed 780 780 779 TR LTI
Aurnst Tk 742 758 87 TS| TN3 i TRO 774 768 7uh Tul 759
September ] {13 811 8u8 1 &O9 L BOT 1 ROD R02 796 703 7¢8 Y83
etober T 76 T3 T8 Y73 TR0 781 782 775 774 T Tl
November 70 771 LRI S AU R B i P Ry A B 3 768 772 VAR
December 756 752 T3 US4 1 TBG ) TBT j 56 70 752 . 752 T4 0 749

i : | i

- B T - “ : i ) § t i i

1844 Noon. 13 | 14 o016 0 17 018 | 19 | 20 - 21 | 22 | 28 {423
January 770 713 e ¥i 724 732 740 743 745 747 ¢ 746 ¢ 744 745
February 713 ¢ 710 720 723 731 735 742 743 743 | 739 738 737
Mareh 758 Tl 752 0 %hh 752 751 751 749 750 751 759 762
April 739 0 T35 38 T4 750 754 75H8 764 764 0 762 765 766
May T T 0 740 TH ) TS 748 753 762 765 . 766 768 772
Juna CoT4s 0 745 0 T48 0 T2 754 THT 7455 772 77H - 714 Ti5 778
July Ti6 0 TTH 0 772 ‘ 778 1 780 . 787 795 801 &04 ¢ 804 806 809
August TH6 76 752 1 785 767 . 769 iyl 787 783 : Y788 790 793
Beptember e T eS0T 790 793 804 810 809 | £10 812 815
Qctober 769 1 767 ¢ 771 | 778 787 789 792 790 786 . 786 782 782
November 766 © 763 761§ 758 T4 7T ) TIT L TTR | TTA L OYI0OL 769 | T2
December 740 739 0 740 1 735 | 750 : 756 754 753 . 53 | 750 751 754
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Notes to preceding table :—January 2d, 10® 234™, temperature observation 30™ late. January 8th,
10" 231™, instrument disturbed. January 15th, 3" 234, temperature 56°.3 interpolated. February
Gth, 4b 234m and 13th, 9* 231 temperature observation 15™ and 20™ late, respectively. April
11th, 0 234™ and 1 234, readings supplied by observer. July 13th, 12" 234™, ohservation 36™
late. August 26tk and 27th, thirteen readings supplied by observers. October Ist, 220 234™,
observation 8™ late.

TaBLE IL-—Continued. VERTICAL FORCE READINGS AT 66° Fan
1845, | ob 1 2 | 3 | 4] % 6 | 7| 8 ! 9 |10 1 11n‘4.235m
Jamuary | 754 | 748 | 749 | 751 | 752 | 756 | 762 | 767 | 760 758 | 753 | 751 |
February | 761 756 | 753 757 | 759 | 760 | 763 | 764 756 756 752 749
March | 749 | 743 | 739 | 742 | 745 | 744 | 745 | 743 735 0 733 V32| 729
April | 732 | 727 | 726 0 78 | 729 | 727 | 2| 724 | 7| TI8 | T8 | TIT
May | wa2 | 720 | m8 | 721 | T8 | M7 | 76| 711 | 707 704 %02 | 701
June ;733 | 731 ’ 729 ] 7129 | 729 | 727 726 %22 TIT 715 716 | 71
| ! ! i I ; \
i ‘} ' { ! { i
1845. !Noon.; 13 ! 14 ‘ 1 | 16 ‘ 17 | 18 | 19 z 20 | 21 | 23 | 23 |fo3im
January | 762 | 748 ‘ 749 | 739 | 754 | 759 | 756 | 753 1 748 | 746 | 746 | 753
February | 747 | 741 | 740 | 739 | 53| 759 | 761 | 761 . 768 | 753 | 752 756
March | 730 | 729 | 713 | 731 | 73| 741 | V4 746 | 740 | 740 | 739 | 742
April 716 713 | 715 . 724 | 726 | 723 | 732 7371 735 | 729 | 726 | 728
May [ 699 | 698 * 680 | 700 | 704 | Y04 | TI2 | 719 | 79 | V1T TI9 | 720
June Y % 711 | 711 | 714 i 713 | 715 | 722 7301 733 | 731 731 ' %32
i i i

Notes to above table :—April 27th, 4* 231= reading supplied by observer. April 14th, 2" 234",
observation 12® late. April 22d, 23d, and 28th, 14* 234™; also April 22d, 15" 234", readings sup-
plied by observer. April 22d, 16" 234", temperature supplied by observer. May 2d, 14 231™,
reading supplicd by observer. May 12th, 4" 234™, 9™ late. Junc 6th, 5" 234™, and 28th, 1* 231=
observations 13™ and 9™ late, respectively. June 12th, 0* 23%™ and 1® 233", readings supplied by
observer.

TaBLg 111.—MEeAN MoxTHLY READINGS OF
THE VERTICAL FORCE REPUCED TO THE TEM-
PERATURE OF 66° FAH.

1841, | 1842. | 1843. | 1844, ! 1845.
January | 661 | 699 | 733 | 752
February 858 705 702 731 | 754
March 945 661 684 757 | 938
April 993 656 705 56 | 725 -
May 1022 654 686 756 710
June 631 654 678 762 722
July 688 669 678 792
August 670 676 690 776
September 648 685 708 799
October 572 706 o 779
November 535 716 742 770
December 603 710 744 751

Mean | e | o2 | 763 |

The monthly mean for January, February, and March, 1843, was obtained by adding 14, 10, and 8
divisions to the readings at 14® 7™ respectively; these corrections were found by comparisons in
1842 and 1844.
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Corvections for progressice and trregular changes.—The difficulty of fully climi-
nating all effects of changes of temperature, and adjustment, particularly during
the first vear (1841). demanded the application of a secondary process analogous to
that used i the reduction of the horizontal force for progressive change. The
progressive change i the readings of the vertical force is less decided and more
fluetuating than i the horizontal force.  Half monthly means, and in special cases,
peatrs of even less periods of time, have been taken and were compared with the
wonthly meun. the differences were applied either progressively (increasing or
diminishing) or as coustants, as the case seemed to demand.

Seventeen mouths required no such correction, and in many months it was
applied very sparingly,

The process leaves the dinrnal variation, relatively, undisturbed, and prepares
the series for the application of Peirce’s Criterion for the recognition of the disturb-
ances,  The individual figures thus corrected were inserted in blue ink in the
manusceript tables,

Leccoguition and separation of the larger disturbances—DPeirce’s Criterion for the
recognition of the disturbances was applied to the observations extending over four
vears, aud commencing with July, 1841, 1n the following order: July 0°, August 2,
septemnber 4% October 6% November 8, December 10", January (1842) 124 ete.
The odd hours were selected from July, 1844, to the close of the series, thus July
I August 370 September 5 ete. The following limits of separation, in scale
divisions, have been found for cach year :—

July, 1841 — Junc, 1842, limit, 52

IR — v IS8, ¢ 48
“ IR — ¢ 1844, 0 40
‘1844 — ¢ IR4S, ¢ 33

Average limit, 43

Ax thix limit would only separate 1 in every 34 observations, and would not
furnish a sufficient number of disturbances to investigate their laws to advantage,
it was necessary to contract the above limit, and 30 scale divisions were finally
selected. There can be no doubt that the limiting number as found by the use of
the criterion is too high, owing to the unavoidable presence of irregularities ascrib-
able to imperfection in the corrections for temperature in some cases, and in others
due to apparently fitful changes in the instrument. 30 scale divisions =0.00099
parts of the vertical force ==0.0127" in absolute measure, adopted as limit of devia-
tion of any observation from its corresponding mean monthly value for the same
hour. will furnish an average value for the ratio of the number of disturbances to
the whole number of observations.  The ratio of a disturbance to the whole force
i~ also nearly the same for the horizontal and vertical component.

All deviations over 30 divisions from the mean were marked, and a new mean
was taken, the hourly observations were again compared with this new mean, and

* The vertical foree, in absolute measure, is on the average, between 1841 and 1845, equal to 12.84
(English units), as stated in a subsequent number of this discussion.
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the process was repeated, if necessary, until all deviations above 30 had been sepa-
rated; the final hourly means for each month, thus found and known as the
*“normals,” are given in the following tables.

TasLe IV.—B1-HOURLY NORMALS OF THE VERTICAL COMPONENT OF THE MAGNETIC FORCE
IN 1841,

One division of the scale =0.000033 parts of the vertical force. Increasing numbers denote decrease of forse.
The observations are made 17® after the full hours.

| | ; | ; | , | , i

1841. o L2 4] e 8 | 10 |Noon. | 14 | 16 | 18 | 20 | 22
February | G664 | 64 | 662 | 656 | 654 | 650 | 644 | 648 | 647 . 673 | 668 | G65
March | 670 | 661 | 651 | 655 | 651 | 645 | 643 | 646 | 656 . 665 | 666 | 673
April | 671 | 662 658 | 653 | 645 | G46 | 646 | 649 | 656 | €66 | 670 | 676
May 669 | 665 G60 654 | 647 | 649 | 644 | 646 | €50 | 660 | 674 | 679
June 646 . 631 . 622 ¢ 617 624 616 603 624 635 650 653 | 657
July 703 | 697 | oesT | 671 | 667 | 664 | 665 | 676 | 680 | 698 | 708 | 706
Augnst 686 | 650 . 676 | 664 | 662 | 6562 | 653 | 662 | 666 | 676 | 689 | 691
September | 6 3 | 655 . 646 | 647 | 637 | 631 | 627 | 628 | 634 | 645 | 653 | 660
October | 579 578 | 573 | 568 | 558 | 556 | 561 | 562 | 571 | 577 | 681 | 583
November = 532 | 537 | 538 | 533 | 536 523 | 520 | 521 | 526 | 520 | 531 | 538
Decomber | 597 | 891 | 590 | 606 | 592 | 598 | 605 | 897 | 607 | 610 | 605 G4

i i

The normals for February, March, April, and May, have been diminished by 198,
278, 333, and 361 scale divisions respectively; the uncorrected monthly means are
856, 936, 991, and 1019, which can be exactly represented by the expression r=
966+ 54.4 At—12.8 A#%, where == monthly reading and ¢, expressed in units of a
month, counts from April 1 as the epoch. It shows that the monthly increase is
uniformly retarded. The mean reading from the four succeeding months is 658,
the corrections to February, March, April, and May, as applied, will produce the
same mean.

The rapid change in the monthly means for some adjacent months makes a small
corrcction necessary to the monthly means, viz: of plus one scale division to the
February, March, and December means of the hours 0, 2, and 4, and to the Septem-
ber and October means at the hours 18, 20, and 22; of minus one scale division to
the February, March, and December means at the hours 18, 20, and 22, and to the
September and October means at the hours 0, 2, and 4. This small correction is
included in the above normals.

TasLE IV.—Confinued. Bi-BOUBLY NORMALS OF THE VERTICAL COMPONENT IN 1842.
The observations are made 174m after the full hours.

!
1842. o 2 4 6 8 10 Noon. 14 ] 16 18 20 22k

Jannary (658) 642 656 649 656 653 664 650 663 675 670 663
February 708 701 713 721 699 698 709 692 698 712 723 710

March 655 43 651 663 657 661 651 650 667 668 673 665
. April 668 658 655 655 656 654 657 651 650 660 672 672
May 673 670 661 644 646 647 651 644 645 656 668 670
June 674 669 6f4 658 647 642 635 639 635 653 671 668
July 683 672 664 659 657 650 | 643 643 647 663 677 682
August 689 689 683 682 879 672 | 652 659 869 679 688 688
September | 692 686 €89 690 681 671 671 673 672 679 687 693
October 706 698 702 714 695 ‘ 708 707 706 706 708 710 709

November | 717 713 723 725 712 715 711 713 716 712 718 718
December | 713 707 709 706 .1 715 7 709 707 706 711 713 713
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In January at 0" the final mean is 637 which differs so much from the standard
value at this hour that it was preferred to substitute the mean of the month (658)
as a close approximation,

TaBLE IV.—Continued. Bi-HOURLY NORMALS OF THE VERTICAL COMPONENT IN 1843.

The observations are made 233™ after the full hours.

1743 o 2 4 e § 10 Noom.:@ 14 | 16 . 18 20 220
January | ; ! | ©6Y0
February 1 : ; [ ; | 697 |
March ; | ' . 685
April 71500 712 T D me | 08 02 F00 700 1 696 . 696 710 709
May GYN 608 . 695 690 682 1 680 GTT . 6u8 1 6TT | 685 691 - 695
June Gor 601 643 ; 687 677 . 668 ‘ 663 © 6568 | 65D 1 669 (1,31 689
July 691 0 692 . 692 1 GRg 679 0 672 1 662 1 658 | 659 | 666 . 477 685
Auguast 703 TO3 0 T08 T8 698 683 | 669 671 ! 672 . 682 . 695 699
Seprember 721 . §1w o TRl ‘ 716 07 0 Tu6 0 693 692 . 692 703 74 . 710
October 714 TOT T2 11T 706 . 703 0702 ¢ T3 | 704 | T4 0 719 0 714
November 742 0 745 0 4R T poT42 737 . %35 . 731 746 749 . 749 1 746
Deceniber T2 T3 0 T40 ‘ T T40 739 w27 743 { 758 . 78T 1 Tvd o+ Thd

i i | ) ‘ i :
Normals at additional odd hours.
‘ | :

143, 1# 3 5 7 g 11, 13 ! 15 17 19 . 21 ¢ 23
October b CUB & B 714 714 704 701 700 701 T09 17 15 T
Novewber 740 743 T4 T48 730 729 7310 788 749 751 47 T4

P70 729 0 749 760 763 75T Y57

December T4 T4 T2 743 740

Tasre IV.—Continued. I1oURLY NORMALS OF THE VERTICAL COMPONENT 1IN 1844,

The observations were made 231™ after the full hours,

i : : l | ¥ ! |

T84, | 2 3 4 5 . 6 7 | 8 9 | 10 | 110
January 733 TARo 0 T30 T8 732 733 732 732 W30 72 720 1 713
Febrauary | 734 0 7290 723 0 726 720 0 728 720 0 730 | 723 734 | 722 | TI7
March ~ 0 T6% T8l 763 TS0 6+ | T6Z | 765 | 762 | A8 | 6L | 762 | 764
April COT6 0TI Tl Tes L Te6 . 765 | 759 1 7h5 | 749 T49 | T4 740
May LTI 69 766 T68 | T6T 1 TG4 | 760 | 754 | 749 | 74T | T4T | T
June LOTT6 . Ti2 0 T6T | Y68 | 76T TG4 | T80 | 755 1 74T | 745 | 44 | 744
July . 816 1 811 804 - BOG 805 = 802 798 793 784 783 782 780
Aukast 0794 D o790 0 7ss o7l | 783 | 777 | 76 | 769 | 763 | 760 | 756 | 754

September S16 1 815 813 812 811 . 810 809

{
t
E
‘ i 805 | T98 795 790 785
760 773 t e 1T

780 | 780 774 773 773 770

October i R R ; 9
November | 775 772 768 749 T2 770 773 768 772 772 767
Decernber | 704 | 753 4 755 757 756

755 758 749 751 750 746

1844, Noow. 13 14 1

116 ! 17 18 19 20 21 22 23h
January 715 1 708 0 715 724 [ 737 | 740 741 743 744 745 744 744
Febraary | 718 . 716 716 | 720 727 731 | 738 | 739 | 740 | 737 | 35 | 733
March l 762 1 Th3 THhe 760 T4 | THT 753 754 752 753 763 764
April POTAT . T33 0 78T 741 745 744 758 767 768 765 767 775
May S S € U E ¥ 744 746 748 754 763 766 766 768 772
June o742 0 T390 744 747 749 754 760 769 771 770 Tl 75
July Lo7so 776 \ 773 781 | 783 791 799 805 808 809 811 816
August 750 0 750 |1 746 759 764 771 778 789 790 789 792 794
September | 780 779 ¢ 772 794 793 795 806 813 812 812 814 817
October PTe9 1 766 1 TT3 ki 786 788 ™ 789 785 785 781 781
November { 736 | 763 [762 765 774 779 777 778 774 770 769 772
December ( 743 733 1 736 724 748 757 755 751 751 748 750 750
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TasLe IV.—Continucd.  110GRLY NORMALS OF THE VERTICAL COMPONENT IN 1843,
TlLie observations are made 233™ after the full hours.

. | e |1 2 3 | 4 5 6 ‘ |10 | o1
Javuary | T4 | AT | T | 72 1 752 75T | 163 | 767 l 760 | 758 | 753 | 752
February | 760 | 756 752 exd 959 . 760 763 764 756 956 . 752 749
March o749 D a1 736 742 | 746 | 748 749 746 736 733 | 732 729
April P32 | 127 | 728 729 | 728 727 725 721 718 715 1 717 717
May ; 720 | 718 717 719 716 715 713 709 705 702 1 701 699
June 1 733 | 731 729 730 729 728 726 722 nt 15 | 715 711

! i |
‘ | | o

1845. Noon. 13 14 15 18 1 17 ] 18 19 20 21 22 23k
January 751 748 749 742 753 | 760 1 756 753 749 746 747 754
February 747 41 | 740 744 753 | 759 761 761 . 758 753 752 756
March 729 ¢ 729 713 734 740 . 441 5 751 746 | 741 740 739 743
April 716 . 713 717 720 724 ! 732 737 | 736 729 726 727
May 647 . 696 701 698 702 10") 710 720 718 17 718 719
June 711 711 | 713 | T4 | I3 | 714 1 722 730 . 735 | 731 | 731 | 733

TABLE V..—NUMBER OF OBSERVATIONS AND LARGER DISTURBANCES IN EACH MONTH.
1841, 1842, 1843. ; 1844, 1845.
Obs. | Dis. Obs | Dis. Obs. Dis. i Obs. " Dis. Obs. Dis.
January '; 300 - 76 2 | 5 | 646 . 8L | 648 | 17 |
Febroary . 288 1 49 28¢ | 86 24 3 @ 600 ‘ 33 | 576 5
March . 321 | 64 322 . 36 27 12 624 106 | 624 68
April 304 46 306 1 51 300 Lo 624 83 624 24
May . 223 | 18 293 | 47 324 36 648 1 8 648 28
June 310 | 91 310 . 37 312 16 600 | 52 600 9
July . 323 | 64 305 : 24 312 4 648 | 45
August . 304 1 21 318+ 34 324 10 648 94
September . 307 } 40 303 | 57 312 20 600 | 14
October 308 28 310 | 12 624 25 648 ‘ 20
November 312 I 37 312 | 13 624 79 624 i 10
December 323 | &4 319 | 15 624 65 624 t 47
| ‘
Sum . . .| 333 | 540 | sz | 4ss | 3833 | s25 | w34 | 593 | s:20 |1m
Ratio 1 1 dis. in 6.2 obs. 1 1 dis. in 7.5 obs. i 1 dis. in 11.8 obs.|1 dlS. in 12.7 obs.“ 1 dis.in 24.6 obs.

Total number of observations used,
“ larger disturbances,
Ratio of disturbances to observations,

i

22092
2097

1t010.5

Investigation of the eleven year (also called ten year) period in the inequality of the
amplitude of the Diurnal Variation of the Vertical Force.—The preceding monthly
means of the bi-hourly and hourly normals were rearranged in four groups of one
year each, necessarily omitting the first five months; the agnual means have for

“their mean epoch, January, as the monthly means were arranged from July to July.

The means for the year 1842-43 depend on nine months only, to refer them to
the mean of twelve months, the differences for every observing hour, between the
same nine months and twelve months for the preceding and following year, were
made out and the mean correction, giving the weight two to the following year, as
indicated by the readings taken at the hour 14, was applied to the values of 1842-43,
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From 0 mouths Correction Annual means ! From 9 months, ! Correction. : Avnual means
" 70l 43 704 Noon | (82 L +8 , 690
o G 45 j 699 14 ‘; o1 | 4o NN
4 607 +5 i 702 16 ! 683 1 +7 ; 690
6 697 +6 | Tu3 18 i 689 | =+7 i 6496
I GOu ‘ +6 ; 696 20 % 697 +5 i T2
10 . GSo —+7 693 22 i 700 i —+5 | 705

The normals for 1843-44 at the even hours are complete, at the odd hours they
extend only over nine months,  To refer the latter to twelve months, the difference
hetween the means of the same nine months and the annual mean at the even hours
wix made out and applied as a correction to the means of the odd hours; the cor-
rection thus applied is the mean difference as deduced from the preceding and fol-
lowing even hour.

Means ol P months, Correction. ! Anoual means. Meuns of 4 months.;  Correction. Annual means
1 EY —11 Th8 13+ T8 —14 714
746 =10 736 15 726 =16 720
b T4 L -1l 735 17 T4d Po—16 728
7 T4 —11 : 733 19 i 752 | —15 737
¢ ST —12 725 21 ! hl ! —14 | YBxi
11 T 15 : V17 ) : Tod i 741

—13 ;

TapLk VI —Axyvan Mraxs oF TaE Di-novrRny Axp Hovrny NorMat VALUES oF THE REGULAR
SoLar-DrvrNAL VARIATION OF THE VERTICAL FORCE.
The numbers are expressed in seale divisions, inereasing valunes indicate decrease of force. The minutes at the
head of each columun are to be added to the hour given in the first colummn.,  Each year commences with the
moenth of July.  The tie is local Philadelphia time counted from midnight to midnight.

Hour. i 184142, ! 1642-43. 1843-44. 1844-45.
173w +204m 23w +-233m
0L M. : G50 704 740 765
1o i 738 761
S ! 643 699 735 759
3¢ 736 760
4 “ 643 702 737 761
ho“ 735 781
G« 640 703 734 761
T 733 759
&« 634 696 727 752
IS 725 751
10« 632 693 722 749
1o« 717 747
12 POM. 633 690 717 745
13« 714 742
14 & 631 687 718 741
15« 720 746
16 ¢ 636 690 72 753
17« 728 758
Ix o« 647 696 732 762
19« 737 764
200« 654 702 738 763
21 37 761
22 o« 652 705 738 761
23« 741 764
Means : 641 : 697 ‘ 730 756
|
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The following formul® of the mean diurnal variation of the vertical force were
deduced from the above tabular values. The angle § counts from midnight at the
rate-of 15° an hour.

184142 V = 64104 1004 sin (61060 40°) + 311 sin (20 1980 25/) 1.7 sin (39 + 2500)
1842-43 V=697 + 7.6 sin (84 69 17)+ 2.9 sin (204196 48 )4 1.3 sin (30 -+ 195 )
184344 V=730 + 11.0 sin (8- 79 54 )4 3.4 sin (284226 29) + 0.6 sin (394 45 )
1844-45 V=756 + 9.2 sin (04 83 40) -4 4.3 sin (204233 41)+ L1 sin (304 1)

In the construction of the equation for 1843-44 weighted normals were used,
those of the even hours have the weight 4, of the odd hours the weight 3.

To show the degree of accordance in the expressions when deduced from the
even and odd hours separately, the resulting equations for the last year are added:—
Even hours: V=756 4 9.32 sin (84 84045") + 4.07 sin (28+ 2350177 4 1.2 sin (36 -+ 3530)
0dd  “  V=756+48.99 sin (3482 36) + 4.52 sin (204 232 05) + 1.0 sin (364 10 )

The observed and computed values compare as follows. The differences, observed
less computed, are expressed in scale divisions :—

Hour. | 1841-42. | 1842-43. 1 1843-44. | 1844-45. §
0 | 42 | 42 | 41 +3
2 R —1 —2 —2
4 0 +1 41 0 171, 2031, 231, and 23)
6 ] +1 +1 41 42 minutes are to be added
8 | 0 —1 —2 —3 to the full hours for the
10 i 0 -+1 +1 Q four years respectively.
Noon : 41 +1 +1 42
14 -1 | -1 +1 —2
16 ; 0 L+l 0 +1
18 41 41 0 +1
20 | 0 0 +1 —1
22 -1 0 —1 —1
i

The graphical representation of the observed and computed values exhibits a
maximum of the vertical force between 1 and 2 P. M., and a minimum of force
between 8} and 10} A.M.; the diagrams also show a tendency of a secondary
maximum about two hours after midnight followed by a secondary minimum about
two hours later, with a range probably less than two scale divisions (0.000066 parts
of the force, or 0.00085 in absolute measure). This small nocturnal inequality is
only exhibited by one of the formulw®, in 1842-43, when it has its greatest value;
in the preceding year there is but a faint trace of it, in the two succeeding years it
is indicated in the diagram by dashes. The average diurnal range is nearly 22 scale
divisions (0.00073 parts of the vertical force, or 0.00932 in absolute measure).
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If we take the monthly aggregate amount of the disturbances, all referred to a
unitorm series of bi-hourly observations, and form a table of these values for each
yeur (Table VIII), the mean aggregate amount for cach year is as follows:—

Mean amount of disturbances.

In 184142 | . . . . . 2306 div.
“O1842-43 . . . . . 1521
184344 : . . . . 959
“o1844-45 . . . . . . 636

This again points to the end of the year 1844 for the epoch of the minimum
amount of disturbances, and considering the three elements, declination, horizontal
and vertical foree, the spring of 1844 might be assumed as the time of the minimum
magnitude of the magnetic disturbances.

Altogether, the inequalities in the diurnal amplitude and in the number and
magnitude of the disturbances of the magnetic clements, as observed at Philadelphia,
fix the end of the year 1843, or the beginning of 1844, as the epoch of the minimum
of the cleven (or ten) vear inequality.

We now proceed with the analysis of the disturbances, their diurnal and annual
mequality in number and amount, and for increasing and decreasing values.

Annual Inequality in the number of Disturbances,.—The numbers for each month
have been referred to a uniform series of bi-hourly observations as explained above.
‘The ratios of the monthly means to the annual means is given, and also, for com-
parison, similar ratios found for the horizontal force and declination.

TABLE VIL—ANNUAL INEQUATITY IN THE NUMBER OF DISTURBANCES.
; 1 j ! ! Mean ratio | Mean ratio
PIS3-1842 ) 1S42-1843. 1843-1844. 1844-1545. Means Vert. foree | Hor. force| Declination ; Vert. force [Hor. force and
from four rativ. 1 ratio. ratio, ‘hor. foree and| declination.
years. ! declination.
July Cod 24 4 22 ;28 0.9 1.1 0.9 1.0 0.9
Aucust 121 o34 10 47 - 28 0.9 0.9 1.6 1.3 1.1
September 40 BT 20 7T, 81 1.0 1.4 1.4 1.4 1.2
October | 28 1 12 1 12 10 15 0.5 1.4 2.1 1.7 1.3
November! 37 | 13 | 40 5 1 24 0.8 1.0 1.1 1.1 1.0
December; &4 | 15 | 33 23 ¢ 39 1.3 1.0 1.0 1.0 1.1
Janunary |+ 76 58 1 40 9 | 46 1.5 0.6 0.8 0.7 0.9
February | 86 51 | 1% 3 ¢ 389 1.3 1.0 0.5 0.7 0.9
March L ! 53 34 42 1.4 1.1 0.7 0.9 1.1
April I R T A A 91 3 ¢ 39 1.3 1.1 0.9 1.0 1.1
May 47 3i 4 14 25 0.8 ' 1.0 0.6 0.8 0.8
June | 37 o] 2 ! 4 21 07 | 06 0.5 0.6 0.6
Mean ' 51 | 34 2 16 | 31 |

The months of maximum disturbance are March and September (the high value
in January and the low one in October appear anomalous, and would no doubt dis-
appear in a longer series of observations). The minimum occurs in June; there is
no well expressed second minimum. The horizontal force and declination ratios,
as well as the ratios of the three clements at Toronto, give the maximum number
of disturbances at the equinoxes, and the minimum number at the solstices, and as
the winter solstice minimum only is wanting in the Philadelphia vertical force
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ratios, it is probably due to the small number of observations, and the difficulty in
keeping the instrument in adjustment and allowing for its irregularities. 1 have,
, therefore, given the mean ratio of the Philadelphia disturbances in the last column

of Table VII, and compared the result, graphically, with those deduced by General
Sabine for Toronto.!

ANNUAL INEQUALITY OF DISTURBANCES,

Philadelphia, 4 years.

essesreneensnes ToOronto, b ¢
1.6 - M 1
1.5 - H L
1.4 | { \ A .

;
12 F| | /3
- /7/ AL ) ]

; —7 C ]
: g / \ \\ /i \ v J
o .. / \ i |
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4 L -1
cid P BB ES b o
0 H < =
2555 8882 35Aag8 3
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If we separate the disturbances into two parts, those increasing and those
decreasing the forfe, we obtain the numbers of Table VIII. A positive sign indi-
cates disturbances increasing, a negative sign those decreasing the vertical force.
The law of the annual variation seems to be the same as shown by the ratios in the
last two columns; this accords with the result at Toronto.

TasLE VIII.—AnNNUAL INEQUALITY OF DISTURBANCES INCREASING AND DECREASING THE FORCE.
!) 1841-42, 1842-43. 1843-14. 1844~45. i Ratios.
I B = T e T T R -
July |81 33 8 16 0 4 12 10 0.7 T 11
August | 14 7 9 25 8 2 36 11 1.0 0.8
September | 22 18 15 41 9 11 5 2 0.7 1.2
October 22 6 8 4 6 6 3 7 0.6 0.4
November 17 20 5 8 14 26 4 1 0.6 1.0
Idecember 51 33 8 7 23 10 13 10 1 14 1.1
January 38 38 32 26 26 14 (] 3 1.5 1.5
February 53 33 32 19 11 5 2 1 1.4 1.0
March 16 20 23 21 30 23 23 11 1.3 1.3
April 32 19 30 20 23 - 19 b 7 1.8 1.1
May 28 19 18 18 3 1 11 3 0.9 0.7
June 23 14 b 11 b 19 3 1 0.6 0.8

2 Page Ixx,, Vol. I1L
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Tasre IX.—AGEREGATE AND MEAN AMOUNT oF DISTURBANCES IN EACH MoNTH OF THE YEAR.

The nmisbers are expressed in scale divisions and referred to a uniform series of bi-hourly observations. The
iean amount or average magnitude is found by dividing the number in the preceding column by 4 and by
the number of disturbances found in Table VII.

; Aggregate amount. l

. e _i Bum of 4 years. Mean amount.
184142, ‘ 184943, : 1843-44. 1844-45.
Jaly . . . 2593 1255 | 149 | 784 : 47%1 42
Augast . . 741 1323 i 622 | 2017 4753 43
September | 1612 ! 2708 ! 770 301 5481 44
October . . 1216 Q 432 488 48 2574 42
November . 1564 : 503 ; 1504 ; 206 3717 40
December . | 4187 I 560 ; 831 ! 872 ! 6450 47
January . . 3899 i 2745 1592 : 314 | 8550 47
February . . 3900 : 2279 I 659 109 ! 6947 45
March. . . 1672 1808 2125 : 1245 6940 42
Aprit o .. 2324 ! 2111 | 1642 i 468 654D 42
May . . . 2445 { 1625 i 186 ! 704 4960 ’ 49
June ... 1472 723 i 934 ‘ 168 3297 i 40

The last column shows that the magnitude of the disturbances is rather irregu-
larly distributed over the several months without following any apparent law.

TABLE N.—AQGREGATE AND MEAN AMOUNT oF DISTURBANCES IN EACH MONTH OF THE YEAR,
SEPARATED INTO TWO (FROUPS OF INCREASING (4 ) AND DECREASING FoRCE (—).

The mean amount is obtained by means of the numbers of Table VIII.

184142, 184243, 1843-44. | 1844-45. ] Sum of 4 years. E Mean amount.
1 ; ; i : | 1

S i s S T A S P S (R T R

July 1130 0 1463 340 915 0 149 402 382 | 1872 ’ 2909 | 37 46
Aungust ahh o 236 . 359 64 279 343 1 1568 - 449 | 2761 7 1992 | 41 45
September 835 777 Tib 2023 397 373 0 251 . B0 | 2258 3223 | 43 45
Octoher gon 217 300 132 1 250 238 ¢ 128 ' 310 | 1677 897 | 43 39
November 6h3 1 011 223 280 0 504 1000 f 154 . 52 1534 2243 38 41
December = 2745 1442 276 284 bo8 323 1 459 ¢ 383 4018 | 2432 42 41
January ¢ 2128 ¢ 1771 1589 1156 | 1050 042 | 208 . 106 4975 ¢ 3575 48 44
February 2515 125 1538 41 | 462 197 1 76 . 33 4691 2256 48 39
March S 671 0 1001 . 910 ¢ 988 1 1149 976 3 875 . 370 3600 3335 39 41
April 1471 0 853 1 1361 TS50 853 790 ;1720 296 3856 2689 43 41
May 11535 910 628 ¢ 697 | 170 16 598 | 106 3231 1729 54 42
June L899 473 1 246 477 246 688 ! 133 | 35 1624 1673 43 37

! : i

§845 | 9407 | 5867 | 5635

i

Sumns 16336 11339

sos4 | 2572 | 36102 | 28953

|
Mean . . ] 43

The magnitudes of the disturbances, as before, do not appear to follow any law.

The disturbances which increase the force preponderate over those which decrease
it ; the ratio of the annual means is 1.3 to 1.0. At Toronto the reverse was found ;
the disturbances which decrease the force preponderate over those which increase
in the ratio of 1.4 to 1.0.

Divrnal Inequality of the Disturbances.—In the bi-hourly combination of the
disturbances we make use of the series of observations extending from February,
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1841, to Junc, 1845, omitting only the single daily observation in January, Febru-
ary, and March, 1843. Strictly speaking the time is 21 minutes later than indicated

in the table.

TABLE XI.——D1vrNAL INEQUALITY IN THE NUMBER OF DISTURBANCES.

The ratios of the three elements have been collected to facilitate comparison.

135 ]

Ratlos,
Number
vertical force. i
Vertical force. \ Horizountal force. Deelination.

or 168 1.3 1.1 1.0
2 150 1.2 0.9 1.2
4 1586 1.2 0.7 1.0
6 133 1.0 0.7 1.1
8 117 0.9 0.8 1.0
10 115 0.8 1.1 1.1
Noon 131 1.0 1.3 0.9
14 163 1.2 1.0 0.8
16 127 0.9 1.1 0.9
18 116 0.8 1.1 0.9
20 110 0.8 1.1 1.0
22 123 0.9 1.1 1.1

Mean

The greatest number of disturbances occur about A. M. (at Toronto at 3 A. M.),

with the least number at 10 A. M. (at Toronto at 11 A.M.); the secondary maxi-
mum and minimum occur about 2 P. M. and 7 P. M. (at Toronto the hours are 5
On the average, therefore, the maxima and minima occur 1*

P.M. and 9 P. M),

40™ earlier at Philadelphia than at Toronto.

ments show the same law; they agree only in so far as to exhibit a systematic in-
crease and decrease with the solar hours, and in having two maxima and two minima.

At neither station do the three ele-

The diagram shows the law of the disturbances of the vertical force for Phila-

delphia and Toronto.

*

DIURNAL VARIATION OF DISTURBANCES.
Philadelphia, 4} years.
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Toronto,
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Tasre XITL—CONTAINS THE NUMBER OF DISTURBANCES DISTRIBUTED OVER THE
Hotrs or THE DAY, SEPARATED INTO THOSE WHICH INCREASE (+) AND THOSE
WHICH DECREASE (—) THE VERTICAL FForce.

Number of disturbaunces. i Ratios.
+ — + -
04 93 | 75 1.3 ‘ 1.2
2 ; 73 86 1.0 | 1.3
4 L 69 } 87 1.0 1.4
6 i 62 71 0.9 ‘ 1.1
8 ! 59 ' 58 0.8 ! 0.9
10 53 | 2 0.8 g 1.0
Noon 61 ; 70 8.9 : 1.1
14 | 96 ‘ 7 1.3 } 1.0
15 1 69 ; 58 1.0 ’ 0.9
18 %2 | 44 1.0 0.7
20 67 ! 43 0.9 0.7
a2 | 76 i 47 1.1 0.7

i i
Mean ‘ 7 | 64 !

The laws which regulate the diurnal occurrence of the nnmber of disturbances,
increasing and deercasing the vertical force, are evidently not the same, yet they
arc by no means the converse of one another as has been found to be the case in
the disturbances of the declination and the horizontal force. At Toronto also,
where the horizontal force and declination curves were exactly opposed, that of the
vertieal force is not so, and at Philadelphia rather favors an agrecment between the
ncreasing and decreasing disturbances than an opposition.

Principal maximum of increasing disturbances 2 P.M., principal minimum 9 AL
(at LToronto 5 P. M. and 5 A. M. respectively). Secondary maximum at midnight;
this may possibly be the principal maximum; secondary minimum at 8 P, M.

Principal maximum of decreasing disturbances 4 A. M., principal minimum 8
P.M. (at Toronto 3 A. M. and 6 P. M, respectively). The secondary maximum at
noon is less distinetly marked ; sceondary minimum at 8 A. M.

Thus the epochs of the curves for increasing and decreasing force seem to be 12
8 3
hours apart.

Divrnal Inequality in the Magnitude of the Disturbances.

TABLE XITI.—CONTAINS THE AGGREGATE AMOUNT OF DISTURBANCES AND
THEIR AVERAGE MAGNITUDE, THE LATTER FOUND BY MEANS OF TABLE
NI AxL EXPRESSED IN SCALE DIVISIONS.

Aggaregate amount. { n Mean amounnt.

Qn 7049 168 42
2 6876 159 43
4 6480 156 42
6 5418 133 41
8 5022 117 43
10 5006 115 44
Noon 5526 131 42
14 7101 163 44
16 5591 127 44
18 5571 116 48
20 773 110 43
22 5246 123 43
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Average magnitude 43 scale divisions, the disturbances appear to be nearly of
the same size at all hours, there is a slight preponderance in magnitude between
10 A. M. and 10 P. M. over the other half of the day.

TaBLE XIV.——AGGREGATE AMOUNT AND MEAN AMOUNT OF DISTURBANCES,
SEPARATED INTO THOSE WHICH INCREASE AND THOSE WHICH DECREASE THE
VERTICAL FORCE.

Aggregate amount. Mean amount.
Diﬂ'e:;encs of
aggregate £
+ _— + _— ggregate amoun

on 3737 3312 40 44 - 425
2 3221 3655 44 43 — 434
4 2866 3614 42 42 — 748
6 2577 2841 42 40 — 264

8 2524 2498 43 43 + 28
10 2507 2589 47 42 — 82
Noon 2731 2795 45 40 — 64
14 4456 2645 46 40 41811
16 2969 2622 43 45 + 347
18 3456 2115 48 48 41341
20 3003 1770 45 41 41233
22 3258 1988 43 42 -+4-1270
Mean | | oas0 | 425 | 4asel

The magnitude of the disturbances, either increasing or decreasing the force,
apparently does not vary with the hours of the day. The disturbances which
incrcase the force preponderate between the hours 2 P. M. and 2 A.M.; those
which decrease the same occur in the other half of the day, the average ratio of
the preponderance of increase over decrease is as 4 to 1.

Dividing the numbers in the last column of the preceding table, or the excess
of the sum of disturbances increasing the force over the sum of those decreasing
the same, by the total number of days (1297) of observation, we find the diurnal
disturbance variation as follows :—

! Scale divisions. In parts of vertical force. Tu absolute measure.

on +0.3 +0.00001 4-0.00013

2 —0.3 —0.00001 —0.00013

4 —0.6 —0.00002 —0.00025

6 —0.2 ~—0.00001 —0.00008

8 0.0 0.00000 0.00000
10 —0.1 0.00000 —0.00004
Noon 0.0 0.00000 0.00000
14 414 40.00004 -4-0.00059
16 40.3 +0.00001 +4-0.00013
18 +1.0 4-0.00003 +4-0.00042
20 -+1.0 +-0.00003 +4-0.00042
22 +1.0 +40.00003 -4-0.00042
Mean | +0.3 40.00001 ’ 40.00013

The value for the hour 14 is evidently anomalous, the mean of the hours 12 and
16 or 4 042 (0.00001 in parts of force, 0.00008 in absolute measure) should be
substituted. The average daily effect of the larger disturbances is therefore to

increase the vertical force between 1 P. M. and midnight, and to decrease it
A , ) -
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between 1 A. M. and noon, with an amplitude of about 1.6 scale division (0.00005
parts of the force, 0.00067 in absolute measure).

(decreasing that force).

The disturbance law at Toronto is nearly the same as at Philadelphia, the dis-
turbances increase the force between noon and 9*P. M., and decrease it in the
remaining hours of the day; the range at Toronto appears to be larger.

If we classify the disturbances according to their magnitude in eight groups,
cach differing 25 scale divisions from the preceding, we find the following scale

numbers ;—

The maximum value takes place
at 8 PO the same hour at which the horizontal force disturbance is greatest

Disturbances. Between limits in parts of the Number.
In scale divisions. foree.

3tand 55 0.00099 and 0.00181 1840
55 « 80 0.00181 “  0.00263 211
80 « 105 0.00263 ¢ 0.00346 28
105 ¢« 130 0.00346 “ 0.00428 15
130 « 155 0.00428 ¢ 0.00511 0
155 ¢ 180 0.00511 “ 0.00593 2
180 ¢« 205 0.00593 ¢« 0.00676 0
2056 ¢ 230 0.00676 “ 0.00759 1

Beyond None.,




APPENDIX TO PART VII.

EFFECT OF THE AURORA BOREALIS ON THE MAGNETIC DECLINATION, AND THE HORIZONTAL AND
VERTICAL FORCE AS OBSERVED AT THE GIRARD COLLEGE OBSERVATORY.

THERE were in all 22 auroras recorded ; these, however, comprise only the brighter displays. Of
those observed, 7 occurred between May 30, 1840, and July 1, 1841; 1 occurred between July, 1841,
and July, 1842; 6 occurred between July, 1842, and July, 1843; and 7 between July, 1843, and

July, 1844. One is recorded in the last year, ending June 30, 1845. They are distributed over the
geveral months as follows :—

January 2 July . . . . . 6
February 0 Avugust . . . . -]
March . . 1 September . . . . . 2
April . 2 October 0
May . 3 November . . 1
June . . . . . . 2 December . . . . .« 0

In the summer months there were 18, in the winter months 4. In reference to the hours of the
night, the phenomenon wadvisible on the average between 94 P. M. and 11} P. M.

Individual examination of the magnetic record during auaroral displays. The time is local time,
counted for convenience’ sake from midnight to midnight to 24 hours. '

1. 1840, May 29th—30th. As the twilight faded an aurora became visible. In the course of the
display there were moving pillars, flashes from a low segment of light in the north, and a beautiful
arch nearly or quite at right angles to the magnetic meridian. Pillars of aurora from 21 18= to 22
9= varying in brightness and position; low segment of light to the north, continued throughout the
appearances; at 22" 5@ an arch forms -from east to west; streams of light, varying in brightness,
fading and reappearing from 22" 20™ to about 23" 10™; the brightest flash at 23" 6=. From 18" 54
the declination magnet commenced to move eastward (declination decreasing), reaching an extreme
position at 20" 34™, difference from average position about 56 divisions or 19’ ; the movement then
became westerly with smaller fluctuations till 22* 39™, when it reached its westerly extreme of about
%71 divisions or 24’ from the normal place ; the magnet reached a second easterly extreme at 23" 44™
of about 48 divisions or 17/, at 1* 24™ (30th) again a westerly extreme of about 7/, and at 2* 49 an
easterly deflection of about 14’; after this the needle returned gradually to its ordinary position.
About the time of the brightest fla¥h the change (easterly motion) was very rapid, no extreme value,
however, was reached. ‘When the arch formed, the position was nearly normal. 'The horizontal force
decreased steadily until 22* 42™, when the readings fell beyond the scale; a minimum was reached
between that time and 22 52= of at least 0.016 (parts of the force) below the normal force. At the
time ot the brightest flash the retrograde movement was in progress. The disturbance of the vertical
force commenced before 17* 52@, at which time the force was & maximum; it then decreased very
rapidly, and finally moved off the scale after 22" 2. (The value of a division of the scale was not
ascertained. )

I1. 1840, July 4th. At 20" auroral light in the N. N. W. about 10° apove the horizon, at 22"
very faint aurora still visible in N 'W. The declination was not at all affected. The horizontal force

(27)
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af these hours was 83 divisions (0.003 parts of the foree) less than the normal amount. The vertical
furce is apparently undisturbed; it is slightly above the normal value.

HI, 1840, July Gth. An aurora was noticed at 0 25™ and 2 25™. The declination was disturbed
at OF Jodm and 20 1955 it indicated 50 divisions and 34 divisions, or 177 and 12/ of easterly deflection.
{1 Q= likely that there were disturbances two hours preceding and two hours following the above times,
as the seale could not be read. The horizontal force was disturbed from midnight till 2 P. M. ; the
foree was less daring this time, and reached its minimum value at 2F 22® of 130 divisions or 0.005
parts of the force; between 2 and 8 A, M. the diminution was about 0.004 parts. The vertical force
was also less from miduight till after 2 17 the greatest diminution probably took place later as the
observatiouns failed at 4* 17" Minimum value at 28 17™, 0.004 parts of the force.

IV, 1840, July 20th. At 22" 25 a faint aurora. The declination was not disturbed. The hori-
zoutal toree was very slightly affected. At 20" 22™ it was 0.001 parts Iess than the normal, at 22"
22 it was nearly normal, and at 0" 22™ (30th) it was greater by 0.002. There may have been
ordinary disturbaneces not immediately connected with the aurora. At 228 17™ the vertical force was
shighuly affected, the force decreased 0.002 parts below the normal.

V. 1840, August 19th. At 20" 25™ auroral light in N. ; 22" 25™ aurora continues in N. and N. W.
The declination disturbance commenced at 22" 20™ and continued to 2" 20™ (20th), west deflection 48
divisious (227), 10 divisions, and 10 divisions. The horizontal force was disturbed from 16 29m to
a2b 227 foree less 43 divisions, 49, 102, and 85 divisions (in minimo 0.004 parts of the force). The
vertical force seems lower than usual, but hardly reached the limit of a recognized disturbance.

VI 1840, August 28th and 29th.  An aurora appeared at 20" 894 in N. N, E., disappeared at
218 141™, reviving at 21 505™; at 22" 9f™ streamers moving from B. to W.; light continued in N.;
gtreamers again in N E. at 22" 595™ and 1* 144™, after which time the atrora was not observed. An
casterly movement of the needle commenced about 20" 19™ with a maximnm eastern deflection of 125
divisions (or 577) at 21" 0™, the westerly motion continued till 21" 55™ when the needle was vet 5/
east of its normal position; smaller fluctuations were observed till midnight, the deflection was then
19" east; half an hour later it was 207 cast; the morning extreme was reached at 1* 35™, when the
deflection was 257 east ; after this the disturbance gradually subsided. There was a disturbance of
the Lorizontal force ahout 18" 20™ 5 from about 21* 52™ till 10 the next morning the horizontal force
remained below its normal value. At 23" 32 it was 0.009 (parts) below, at 0" 22® it was 0.007, and
at 1" 22" its minimum value of 0.010 (parts of the force) was reached. The disturbance in the
vertical foree appears to have commenced about 21* 7™, when the force gradually decreased till 217
57" when it reached a minimum of about 0.003 (parts); after this it gradually increased.

VII. 1840, September 21st. At 20" 25™ faint aurora, 22" 25 aurora disappeared. Disturbance
of the declination commenced at 20" 20™ and continued to 4" 20™ (22d), deflections 40 divisions (18)
W., 10 divisions E., 14 divisions W., and 238 divisions E. The horizontal force disturbance com-
menced at 16" 22™ and ceased at 4" 22™ next day ; foree less 69 divisions, 47 divisions, 71 divisions,
42 divisions, 94 divisions, 124 divisions (0.005 parts of the forde), and 93 divisions. The vertical
orce between 16" and 23" was slightly above the average, but suddenly became much smaller than the
normal between midnight and 3 A. M. Minimum about 0.002 parts of the force.

VIIL 1842, April 14th. At 22" 40™ appearance of aurora, a bright light in the N.; at 0t 20=
(15th) an arc of light was visible extending to abouat 15° above the north horizon. Declination dis-
turbed from 22" 20™ to 8™ 20™ (15th), deflections at the regular observing hours 23 divisions W., 39
K., 11, 87, 10, and 14 divisions W. Maximum west deflection at 22% 56=, 58 divisions (26"), maxi-
mum east deflection 39 divisions (18'), derived from the series of extra observations. The horizontal
force disturbances commenced at 227 22™ and ceased at 4* 22®, force less 39 divisions, 149 divisions,
37 divisions, and 50 divisions, minimum 279 divisions (0.010 parts of the force) at 1 16 (15th).
But one of the 69 extra readings during this aurora shows an incréase of force. The vertical force
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disturbances commenced at 0" 174 (15th) and continued to 6% 171™; force less 68 divisions, 69
divisions, 59 divisions, and 38 divisions. Minimum value 111 divisions or 0.0037 parts of the force
at 1% 24 (15th).

IX. 1842, September 2d. At 2" 22 a bright light extending on each side of N. point about 15°,
and to about 6° above the horizon; at 2® 49™ light spreading and becoming more faint; at 3t 12
light faint and gradually subsiding. The declination was very slightly affected, maximum west
deflection a. 3 26™, 19 divisions (9/). 'The horizontal force was not disturbed. The vertical force
was likewise undisturbed

X. 1842 November 21st and 22d. A well developed aurora and the best observed of the series.
At 22 23™ a very luminous arc extending to about 15° above the horizon, and about 90° along it in
the north ; 22 38™ light slightly increasing ; 22" 53™ a slight decrease of light; 23 18 light alter-
nately appearing and disappearing ; 23" 33™ four streamers of unusual brightness reaching 30° above
horizon ; 23" 36™ light particularly bright in N. W., whence a large streamer of 20° is shooting, also
one due north of 15°; 23% 40™ light subsided, no streamers; 23" 43™ small streamers appesring;
23 46™ large streamers attendéd with great light in N. W, ; 238" 48 the arc still remains about 15°
above horizon, but has shortened its chord to 30°, no streamers; 23" 51™ arc scarcely visible; 0 23™
(22d) two ares visible; 0 28 a large streamer of 20° in length; O" 36™ considerable light without
the arc; 1* 08™ light very faint; 1* 23™ slight appearances of arc; 1* 33™ faint streamer of 10°;
1k 58™ faint streamer of 20°; 2 48™ a large but faint streamer due N. about 20° in length; light
has nearly disappeared; 3" 8™ light scarcely visible ; 3" 33™ no light visible, and readings of instru-
ment ordinary. The declination disturbances commenced at 22" 20®, and ceased at 10® 20™ (22d);
deflections 49 divisions W., 20 divisions W., 25, 20, 8, 25, and 16 divisions E. The maximum W.
deflection (22') occurred at the commencement, with the appearance of the luminous arc, the needle
remained deflected to the westward until towards the end, when there was a smaller easterly deflection.
No special effect of the stréamers is noticed. The horizontal force disturbances commenced at 16®
29= and continued to 2" 22™ (22d) ; horizontal force less 33 divisions, 68, 82, 1&3 divisions (0.007
parts of the force) ; this diminution was about the time of the appearance of the are, 125 divisions and 73
divisions at the last two regular observing times. The streamers did not appear to have any special
effect. The horizontal force always remained smaller than the normal value at the respective hours.
The vertical component was not affected.

X1. 1843, May 6th and Tth. At 19" 48™ a bright light; at 2" 18™ (Tth) light to N. about 23°
high, but faint. The declination disturbances commenced at 16* 20, and continued to about 3" (7th).
The déflections at the regular hours were 28, 30, 16 divisions E., 15 divisions W. (20™ after midnight),
maximum east deflection 18/, succeeding maximum west deflection 9/, next following maximum east
deflection 33/, following maximum west deflection 15’. The horizontal force distarbances commenced at
the same hour with the declination disturbances, and continued to the end of the series of observations.
The change commenced with a violent increase of 113 divisions above the normal value, and increased
to 330 divisions (0.012 parts of the force) at 18" 04™, corresponding in time fo the first maximum east
deflection. The force then decreased, reaching 132 divisions below the normal value, and attaining
shortly (16®) after midnight the extraordinary low value 348 divisions (0.013 parts of the force) ; up
to the end of the disturbance the force remained below the standard amount. The vertical force was
suddenly disturbed, at 18" 234™ it was 161 divisions greater than the mean, and at 22" 231™ bat 41
divisions above the normal. Maximum value 164 divisions (equal to 0.0054 parts of the Force)
at 188 12™,

XII. 1843, May 8th. At 0 an surora visible to north. The declination was but slightly affected ;
at 19* 39 there was an easterly deflection of 15 divisions or 7'; at 20 26™ it was west 47; after
this there was an easterly motion, changing again to west, which reached an extreme valne at 23* 44
of 17 divisions or 8 W. From the commencement of the horizontal force observations (17" 38™) the
force was less than the normal ; at 20® 4™ the greatest depression was 0.003 (parts of the force). The
disturbance continued till 6 A. M., the force being less than the standard value. From 17" 88", when
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the vertical force was observed, it was found less than the normal, at 20* 36™ depression 20 divisions,
at 0" 23™ it was 31 divisions or 0.001 parts of the force below the standard value.

NIII 1843, June 27th. At 22" a bright diffused light to north, particularly bright to N. W,
whenee streamers are shooting up; general light weakens as it rises at 20* 45™; at 21® 15™ a brilliant
licht, dark cumulus spots in the bright light, and long streaks of dark clouds to N. Fades at 22" 13",
light to N, faint; dark, fuzzy, low cumuli form and disappear to N. Neither the declination nor the
horizontal force was disturbed by this aurora. The vertical force was slightly affected, force less 38
divisions or 0.0012 parts of the force.

X1V, 1843, June 30th. At 23" aurora visible to the N. N, E,, flaming to about 109, The
declination disturbances commenced at 22t 20™ (9 divisions W.), they reach & maximum at 0® 02™
(July 1st) of 20 divisions (%), and gradually disappear, the deflections having been west thronghout. -
The horizontal force is smaller than the normal value, a first minimum is reached about 20" 44™
(about 45 divisions), and the principal minimum about 0* 10™ (July 1st) of neatly 50 divisions (0.0018
parts of the foree).  The vertical force remained undisturbed.

XV, 1843, July 7th. At 20" 52™ very light in the N. N. E. and N. W, The declination at 18%
20m is deflected 15 divisions E., the motion then became westerly and reached 29 divisions (13) W.
at 288 33™; at 2" 20™ (Sth) the deflection is again 16 divisions W. The horizontal force is less than
usual, with a minimum value about 20" 52 of 55 divisions (0.002 parts). The force then inecreases,

and about midnight reaches slightly above the normal. The vertical force was not disturbed.

NVI. 1843, July 24th and 25th.  According to a letter (dated July 25th) from one of the obser-
vers, auroral disturbauees commenced about 16® (July 24th) and quicted down about 21®. At 16®
20m the declinometer was defleeted 15 divisions K., about 4" (25th) the disturbances reappearcd
defleeting 10 divisions W., and changed to east deflection at 6* 20™, reaching a maximum east of 34
divisions (157) at 13" 20m. At 16" 22% the horizontal force was about 46 divisions less, with dis-
turbances reappearing about 8" 227 reaching at 8" 46™ 96 divisions (0.0015 parts of the force) below
the normal, and quicting down about one hour after noon. The vertical force was not sensibly
disturbed

XVIIL 1843, July 25th. At 21" 30™ (25th) streamers to N, flaming to about 30°; at 22" streamers
very bright, reaching about 407; At 22" 15 light very faint and gradually disappearing. The
deelination was disturbed (deflections west) between 208 20™ and 22 20™ reaching a maximum at
210 58™ of 86 divisions (167).  The horizontal foree decreased between 18% 22™ and 22" 22™ reach-
ing at 21* 34™ 91 divisions (0.0033 parts) below the normal value. The vertical force apparently
undisturbed.

XVIIL 1843, August 22d. At 20" 227 there were streamers of 35° in length, bright light in N.
Between 14 20™ and 18" 20™ there was a small east deflection of the magnet reaching 28 divisions
at the latter hour; at 19" 56™ it changed to a west deflection of the same amount (13’). At the time
of the appearance of the streamers the declination was normal. During the aurora the horizontal
foree diminighed, reaching at 20" 28™ 91 divisions (0.0033 parts) below the normal. The low value
continued for about two hours after this time. The vertical force was not sensibly affected.

NIX. 1844, January 24th and 25th. Aurora visible to N. and N. N. E. at 0" 22® (25th), streamers
running up 30°; 0" 33™ streamers running up 15° and 20°. During this aurora the horizontal needle
was deflected to the westward about 10 divisions, reaching a maximum at 6 58 of 15 divisions (7/);
at the time of the appearance of the shorter streamers the deflection was near 7', the horizontal foree
was helow the normal value, viz: decrcase 36 divisions, 41 and 385 divisions at 22" 22m 238h 99m and
0" 22® (25th), minimum 47 divisions (0.0017 parts). At the time of the longer streamers there was
an average decrease, and during the continuance of the shorter streamers the horizontal force was
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normal. At 0" 231 and 2* 234™ the vertical force was 36 and 32 divisions smaller than the normal.
Difference 0.0011 parts of the force.

XX. 1844, March 29th. At 16" 51™ cloudy, aurora visible. The declination magnet is deflected
to the cast and west several times in succession; between 16* 20™ and 18* 20™ about 14 divisions E.,
and 16 divisions E.; the following greatest west deflection of 61 divisions (27”) occurred at 20® 10™;
the next east deflection reached a maximam at 0® 22™ (30th) of 41 divisions; a maximum west
deflection was again reached at 1% 14™ of 50 divisions (23’). The horizontal force is throughout
smaller than the normal value, with differences varying on the average from 50 to 70 divisions. The
greatest difference was reached at 20 2™ of nearly 100 divisions (0.0036 parts of the force); at 23"
47™ another small value of 90 divisions was observed. The vertical force was disturbed from 21°
23L™ to 4" 234™ (30th). Force less 49 divisions, 55, 44, 13, 49, 52, 55, and 31 divisions. Minimum
value 0.0024 parts of the force.

XXI. 1844, April 1'Tth. At 28 20™ although cloudy, it was very bright at the north; same remark
at 22" 20, The declination disturbances extend nearly over the whole day. . The deflection was at
first west (between 0® 20™ and 4® 20™) with a maximum value of 48 divisions (22’) at 8" 10®; it then
changed to the east, at 6® 04™ it reached 52 divisions (237); up to 20" 20™ the deflection was slightly
to the east. The horizontal force was diminished early in the morning, attaining a first minimum at
2t 40™ of 47 divisions; it increased for a short time, reaching at 4" 14™ 52 divisions above the normal,
the force again decreased and reached at 5™ 47 the lowest value of 151 divisions (0.0055 parts); it
remained below the normal value for several hours. At 19" 53™ the diminution was 41 divisions.
Vertical force disturbed from 3* to 8" (4-231™), force less 52 divisions, 58, 61, 66, 53, and 35 divisions.
Minimum value 0.0022 parts of the force.

XXII. 1845, January ‘9th. At 17" 20™ an aurora visible. The declination magnet is deflected
cast and west alternately ; first maximum east deflection at 16" 32 of 20 divisions; following maxi-
mum west at 17" 02™ of 11 divisions; following east deflection about 20 divisions 12™ later; next
west deflection at 17" 22 21 divisions; at 19" 56® the deflection agein east 32 divisions; at 21" 38
it is west 40 divisions (18’), at 22" 20™ it is east 33 divisions. The horizontal force between 15 52=
and midnight is considerably smaller than the normal value, & minimum is reached at 17 16™ of 155
divisions (0.0056 parts of the force). The disturbances ceased between 2" and 3" on the morning of
the 10th. The vertical force was disturbed at 17%, 20, 22, and 23" (4-234™), force greater 44 divisions,
31, 35, and 33 divisions, Average increase 0.0012 parts of the force.

From the preceding detailed account of the condition of the declination and of the horizontal and
vertical components of the magnetic force during auroral displays, we obtain the following general
results: Each of the 22 auroras recorded was accompanied by a corresponding disturbance of the
earth’s magnetism, at least in one of the three elements; in one case the declination alone was
affected, in another case only the horizontal force, and in a third only the vertical force. The latter
force was less subject to disturbances than the other two elements.

In the following table, showing the condition of the magnetic components during auroras, the first
column contains the number of the aurora, the second the amount of declination deflection, the third
its direction or the successive large excursions of the north end eastward or westward, the fourth the
amount of the horizontal force disturbance expressed in parts of that force (a minus sign indicates lesg
force than the normal belonging to that time, a plus sign indicates the reverse), the last column con-
{ains the amount of disturbance in the vertical force expressed in parts of that force; the signs have
the same signification as for the horizontal force.
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Number. ‘ Amount of Direction of deflection Excess {+4) or defect (—) | ‘ Excess () or defect (—)
i deffection, und excursions. of horizoutal foree. 1 of vertical force.

1 PEY E. W. E. W. E. —0.0186 —®
2 —0,003
35 17 E. —0.005 —0.004
4 F0.002 —0.002
] ; 22 Ww. —0.004
§ ' 57 L. —0.010 ~—0.003
7 18 W. E. W. E. —0.005 —0.002
8 26 W. E. W. —0.010 —0.004
9 9 w. -

0 22 W. E. —0.007

11 33 E. W.E W. +0.013 —+0.005
2 8 E W.E W, ~0.003 —0.001

13 -—=0.001

14 9 W. —0.002

16 13 E. W. —0.002

16 | 15 E. W. E. —0.002

17 16 W. —{0.003

18 lu L. W, —0.003

19 w. —0.002 —0.001

24 "7 E. W.E W. —0.004 —0.002

21 23 W. E. F0.006 —0,002

22 18 ! E.W.E. W.E W.E. —0.006 —“+0.001

The action on the declination magnet appears to he that of alternate deflections either way from
the normal position; in 5 cases the deflection was west, in 2 cases east, more frequently there were
one or two successions of west and cast deflections (or the reverse) in one instance even three; these
alternate excursions appear to be a characteristic sign.  In 5 cases the tendeney of the deflection was
casterly, in 6 cases westerly, and in the remaining 8 eases in both directions.  The average amount
of defleetion ix 177, With but one exeeption the uniform effect upon the horizontal force was to
deercase it.  In the exceptional case a deerease followed the increase; in another case the reverse
took place: daring one aurora there was at first a fall in the foree, then a rise, and again a fall.  The
average depression of the horizontal foree helow the normal value was 0.005 parts of the force (0.021
in absolute measure).  The effect upon the vertical foree is small; in 9 cases no disturbance oeeurred
in general the foree is less than the normal; there are two exceptions to this in the 18 ecases. The
average depression of the vertical foree below its normal was 0.0007 parts of the foree (0.009 in abso-
lute measure), or irrespective of sign 0.0013 parts of the force. If we wish to compare the tabular
differences in declination and horizontal and vertical force with the magnitude of the recognized
disturbances, the latter are 4’ and 0.001 (parts of the foree) for cither the horizontal or vertical
component.

Of the auroras noted, that of May 29, 1840, was in many respects the most remarkable, and the best
observed both as to its appearance and as to its magnetic effect; its study can be recommended to
those whe have occasion to test their theoretical views in reference to this phenomenon, and to ter-
restrial magnetism.  Its appearance at New Haven, Conn., has been described by E. C. Herrick
(Sill. Jour., 1840, Vol. XXXIX, p. 194). It was secn over a great portion of the United States, in
Canada, and England. Sce, also, description in the volume of the Toronto Observations; also an
extract from the proceedings of the British Association (Sill. Jour. Vol }xL p. 837); also (p. 338
ibid.) note on the same by the Astronomer Royal.

The total number of auroras which occurred at Philadelphia was much greater than the number given
above, as has alrcady been stated. At Toronto the annual distribution of the phenomenon over the
same period of time, and for three years beyond the close of the record at Philadelphia, is as follows :—

In 1840 (from March) . . . . . . on 23 nights,
“ 1841 . . . . . . . . . . 38 ¢
“ 1842 . . . . . . . . . .14 0
“ 1843 . . . . . . . . . . 16«
“ 1844 . . . . . . . . . . 20 «
“ 1845 . . . . . . . . . .19«
“ 1846 . . . . . . . . . .27

1847 . . . . . . . . . . 29 «
“ 1848 . . . . . . . . . 66«

=
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These figures seem to indicate the existence of a period of frequency, probably of eleven years as
conjectured by Prof. Wolf, the least number probably occurred in 1843, if we make an allowance for
invisibility of the phenomenon cither by daylight or by cloudy weather.

Between June, 1840, and July, 1845 (incl.), there were seen, according to the Toronto record, 109
auroras. The disturbances at Philadelphia on the dates of their appearance have been classified as
follows: The numbers give the relative proportion to the total number, which latter is expressed by

100; the average numbers are given resulting from the examination of the disturbances of the decli-
nation, the horizontal and the vertical force.

Number of cases.
No record at Philadelphia . . . . . . . . 19

None of the elements disturbed . . . . . . . 30
But very few disturbances . . . .. 20
An ordinary number of disturbances . . . . . . 14
An unusaal number of disturbances . . . . . 17

The number of unusual disturbances is therefore less than one-fifth of the total amount, and in
fully one-half of the cases the magnetic elements were either not at all or but very slightly affected.
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DISCUSSION

OF THE

SOLAR DIURNAL VARIATION, AND OF THE ANNUAL INEQUALITY OF THE VERTICAL
COMPONENT OF THE MAGNETIC FORCE AT PHILADELPHIA.

THE necessary data for this investigation are given in the preceding Part (VII),
which contains the normals resulting from the reduction of the observations to the
same temperature (66° Fah.), from the allowance for irregularity in the progressive
change and the exclusion of all recognized disturbances.

Owing to the greater irregularity in the indications of the vertical force instru-
ment, and the comparatively small number of observations at odd hours, the normals
are given for the even hours only; the observations at odd hours, however, are used
to improve those taken at the intermediate even hours by means of a suitable pro-
cess of interpolation.

The tabular numbers are expressed in scale divisions, one division being equal
to 0.000033 parts of the vertical force, or equal to 0.000423 in absolute measure.
Increasing numbers denote decrease of force. The hours count from midnight to
midnight to 24 hours; the number of minutes the observations are made later than
the full hour are given in the last column for each month.

NorMALS OF THE VERTICAL FORCE FOR JULY.
Year. | O | 1 l 2 3 4 5 I 6 7 ! 8 ’ 9 l 10 l iy
1841 | 703 ' 697 687 671 667 664
1842 | 683 672 664 659 657 650
1843 | 691 692 692 686 679 672
1844 | 816 811 so4 | so6 | 805 | soz | 798 | 793 | 7s4 | 783 | 782 | 7so0
Means“ 722 \ ‘ 717 ‘ ‘ 712 l | 703 | | 698 { | 692‘
Noon l 13 ‘ 14 15 f 16 | 17 18 19 | 2 l 21 { 22 | 23 | Min.
665 676 680 698 708 706 +17
643 643 647 663 677 682 17
662 658 659 666 677 685 +23
780 | 716 | 733 | 761 | w83 | wo1 | 799 | s05 | 808 | 809 | 811 | 16 | +23
687 | | 688 | 693 | | 06 7 | 721 +20.4

! Let reading for any even hour ==n for the year 1844, for the odd hours preceding and following n p & »n f; mean

n
f’!liz'ﬁi; hence mean for the even hour § (n-- P-; nf) which was substituted before the general mean for the

four years was taken.

(37)
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8 DISCUSSION OF THE VERTICAL COMPONENT

NORMALS OF THE VERTICAL FORCE FOR A UGUST.

Year. o ¢ 1 2 3 4 5 6 7 8 9 10 11
1841 686 | 680 676 664 662 652
1842 659 689 683 682 679 672
1543 703 | 703 708 706 698 683
1s4 794 | 790 | 486 | 781 | 783 | 777 | 716 | 769 | 763 | 760 | 756 | ‘754
Means 71§ | | 715 712 | o6 700 691
! i ; «
Noou | 13 | 14 | 15 16 17 18 19 ! 20 ! a1 22 23 | Min.
653 662 | 666 676 689 691 417
652 659 | 669 679 688 688 417}
669 671 | 672 682 695 699 +233
750 750 746 | 759 | 764 | 7ML | 778 | 789 | 790 | 789 | 792 | 794 | 4923}
681 686 | 693 704 715 718 +20.4

NORMALS OF THE VERTICAL FORCE FOR SEPTEMBER.

i P | !
Year. | o 1 1 2 3 ! 4 5 6 ( 8 9 10 \ 118
1841663 i | 655 | 646 647 637 631
1842 | 692 | | 66 | 659 690 681 671
1843 | 721 [ 721 716 707 706
1844 ' 516 »‘ 815 | 813 ; R12 8§11 810 809 805 798 795 790 785
Means | 723 | s ‘ . TT 715 | 706 699 ‘
Noon | 13 | 14 15 16 17 18 1 | 2 pal ' 22 | 23 | Min,
627 | . 628 | 634 645 | 653 660 +17
671 | | 673 672 679 L 687 693 +173
693 | foe92 | 692 703 I 74 Lo710 4231
780 TTO 72 | 794 | 793 | Y95 | 80¢ | 813 ¢ 812 | 812 | 814 | 817 | 423}
693 | I 693 i 698 708 717 t 719 +20.4
| ? ! .
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NorMALS OF THE VERTICAL FoRcE FOR OCTOBER.
Year. (i 1 2 3 4 ] 6 7 8 9 10 11
1841 579 578 573 b6s 558 656
1842 706 698 702 714 695 708
1843 714 710 707 713 712 714 Favi 714 706 704 703 701
1844 775 711 769 773 776 779 780 780 774 773 713 770
Means. 694 689 691 © 694 684 685
Noon 13 14 15 16 17 18 19 20 21 22 23h Min.
561 562 571 577 581 583 17
707 706 706 708 710 709 +173
702 700 703 701 704 709 714 17 719 715 714 Y 4234
769 766 793 % 786 788 791 789 785 I 785 781 781 234
685 685 692 697 699 697 4-20.4
NorMALS OF THE VERTICAL FORCE FoB NOVEMEBER.
Year. (1] 1 2 3 4 ‘ b 1 6 7 8 9 10 11s
1841 532 537 538 533 526 523
1842 717 713 723 725 712 715
1843 742 740 745 743 745 744 44 748 742 739 737 729
1844 775 772 768 769 772 7 770 773 768 772 712 767
Means | 691 691 694 1 693 688 686
Noon. 13 14 15 14 17 18 19 20 21 22 23» Min.
520 521 526 529 631 538 417
711 713 716 * 712 718 718 +-173
7385 731 731 738 746 749 749 751 749 747 746 748 +-232
766 763 762 765 Ti4 779 kik 8 774 770 769 T2 4234
682 683 690 €92 693 693 +-20.4

! Let m equal any reading at an even hour in 1843 or 1844, mp and =/ the same for the odd hours preceding
and following, then mean for the even hour } (m + ”L”_:;'Lf) which was substituted for the above value at the

even hour in 1843 and 1844 before the general mean of the four years was taken.
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NORMALS 0F THE VERTICAL FORCE FOR DECEMBER.
Year. (o I 3 4 5 6 T8 1 9 10 11v
1 597 oo 590 606 | B9 | 598
1842 713 oot 709 706 | Lo71s 711
143 75 744 | 73 742 740 | 742 740 743 | 740 0 729 720
1844 754 W3 Thd hids 757 756 755 758 | 749 | 751 750 746
Means 703 |67 699 703 | oo | 697
i | i {
| 5 : !
Noon 13 14 15 16 17 ] 18 | 19 20 21 | 22 23n Min.
: | .
605 i3tin 607 | I610 605 604 +17
700 707 706 Lo 713 713 417
727 729 743 749 7o% L 760 1 T67 | 763 764 757 754 757 | 4231
743 733 736 724 48 | 767 73 7l 751 b 748 750 750 | 23]
695 695 04 TN 707 705 +20.4
NORMALS OF THE VERTICAL FORCE FOR JANUARY.
Year. | 0 1 2 3 4 | 5 6 7 g | 9 10 | 1
1841 | ! ; |
1842 65 642 T 649 656 | 653
1843 ! ; |
1844 38 730 730 T8 732 733 732 . 782 730 | 125 720 713
1845 754 747 747 752 1 62 7| 163 | 767 760 | 758 753 752
Means 710 707 713 it 715 | 709
i i
e ‘ ; :
Noon 13 14 15 16 17 18 19 20 21 | 22 23n Min.
664 650 663 L 615 670 ‘ 663 +173
1690 i : | +17
715 708 715 724 737 740 | 741 743 | 744 745 i 744 744 | 423}
751 748 749 742 753 760 756 753 | 749 46 | 47 754 | 423}
709 05 717 724 21 | | 9 | 4215

No use is made of this reading, nor of the analogous readings in the following two months.
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NORMALS OF THE VERTICAL FOBCE FOR FEBRUARY.

Year. on 1 2 I ] 6 7 8 9 10 11n
1841 664 664 . 662 656 654 650

1842 706 701 713 721 699 698

1843

1844 734 729 725 726 | 729 | 728 | 729 | 730 | 723 | 724 | 722 17
1845 760 756 752 | 757 | 759 | 760 | 763 | 764 | V56 | 756 | 752 749

Means 718 711 l 716 hivi 709 705

Noon 13 14 15 16 1 17 18 19 20 21 22 238 | Min.
644 648 647 | 673 668 665 +17
709 692 698 712 723 710 +173

(697 +17
718 716 716 720 | 727 | W31 | 738 | 739 | 740 | V87 | 935 | 9733 | -4-u33
747 741 740 744 | 753 | 759 | 761 | 761 | 758 | 753 | 752 | 6 | -+23}
704 700 706 | 720 722 ] 718 4-20.4
|
NORMALS OF THE VERTICAL FORCE ¥OR MARCH.
i 1

Year. | b 1 2 0 3 4 5 6 | 7 8 9 10 11k
1841 670 | 661 661 655 851 645

1842 655 643 { 654 663 657 661

1843 )

1844 768 761 763 } 760 | 764 | 762 | Y65 | 762 | ‘758 | we1l | 762 764 -
1845 749 74l | 736 | 742 | 746 | 748 | 749 | 746 | 736 | 33 | 732 729

Means | 709 i 701 1 705 707 701 700

Noon 13 14 ‘ 15 16 17 18 19 20 21 22 23 | Min
643 646 56 665 666 673 +17
651 650 657 668 673 665 417}

(686) 417

762 753 758 760 | 754 | vs7 | ¥53 | Wh4 | 52 | 753 | 763 | 764 | 423}
729 729 713 734 | 740 | 747 | 751 | 746 | V4L | 740 | 739 | 743 | 423}
696 694 ‘ ‘ 703 709 708 710 +20.4
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NORMALS OF TIIE VERTICAL FORCE FOR APRIL.
T | z ; ! |

Year. ot 1 2 3 1 4 | 5 . 6 T 0 8 | 9 10 L
1841 671 | ooz o658 653 645 646
1842 658 | o658 655 655 [ 656 i 654
1843 715 I 712 LV 716 [ 708 | 702
1844 776 778 7L T65 . 766 | 765 1 759 | 755 1 749 | 740 | 744 740
1845 732 2T 728 0729 7 2T 7B T2 T8 | 715 | M7 T
Means | 712 |06 - 705 \ | 702 - 696 ] 693

i i i i

‘ ‘ ‘ | x %
Noon 13 14 1B | 16 17 18 | 19 | 20 1 a1 22 23" | Min.
646 640 I 656 666 670 | 676 | 417
657 651 L 650 660 o672 | 672 | 417
o 700 i 696 696 i T10 | 709 i -+234
737 733 737 741 0 745 | 744 756 0 F67 | 768 1 765 | 767 | 775 | 4+23%
716 713 717 720 724 7240 132 37 0 736 1 729 1 726 | v21 | 423
693 691 694 | 702 LT 711 | +21.0
NORMALS OF THE V ERTICAL FORCE FOR MAy,

i § 5 | : !
Year. ¢ 0» 1 1 2 3 4 | 5 ' 6 7 8 9 10 11n
1841 ¢ 669 | Loges 660 1654 647 649
1842 1 673 1 LoeTo 661 644 646 647
143 ¢ 698 ! 699 695 | C690 682 680
1844 772 *l 700 766 TR 76T L 764 750 754 749 w47 747 744
1845 L7200 0 718 | TIT L T19 TL6 715 T13 | 709 | %05 | 02 | ‘o1 699
Means | 706 | oTod 700 692 686 685

i i ! i !

i f I

Noon | 13 14 % 15 16 | 17 [ 18 | 19 | 20 | 21 | 22 | 23 | Min
G4t L0646 650 | 660 ] 674 679 417
651 | Logd4 645 | 656 | 668 670 41734
677 | Io66% | 677 | 685 | 691 695 423}
T4 740 L 747 744 | 46 | 7 754 | 763 | 766 | 766 | 768 | 772 | 423}
697 | 96 701 GOR 1 TO2 | 705 70 | 7200 TI8 | M7 | TI8 | M9 | 423}
683 | ocso | 684 i 693 | 703 706 +21.0

i - |




OF THE MAGNETIC FORCE. 43

NorMALS OF THE VERTICAL FORCE FoR JUNE.

Year. on 1 2 3 4 5 6 7 8 9 10 11s
1841 646 631 622 617 624 616
1842 674 669 664 658 647 642
1843 698 - 691 693 687 677 668

1844 776 772 767 768 767 764 760 755 747 745 44 744
1845 733 731 729 730 729 728 726 722 17 715 715 711

Means 705 698 695 690 683 677

Nogn 13 14 15 16 17 18 19 20 21 22 23h Min.
603 624 635 650 653 657 417
635 639 635 653 671 668 4174
663 658 659 669 681 689 423}

742 739 744 47 749 754 760 769 771 770 771 775 ] 4233
711 11 713 714 713 714 722 730 735 731 731 733 | +23%

671 675 678 691 { 702 703 +421.0

TABLE 1.-—RECAPITULATION OF THE BI-HOURLY NORMALS OF THE VERTICAL FORCE (EXPRESSED
IN ScALE D1vISioNs) FOB EACH MONTH OF THE Y EAR.

Increase of scale readings denotes decrease of force.

1841-5. 0w 2 4 6 8 10 | Noon| 14 16 18 20 224 | (420™.6)

January 716 {707 {713 |75 |716 (709 1709 {705 |77 1724 |21 |719
February 718 [711 716 71T 709 {706 1704 {700 (706 720 (722 |[716

March 7069 |70L 705 707 701 700 |696 (694 1703 1709 |[708 |710
April 712|706 [ 705 1702 (696 (693 693 1691 [694 [702 |71 {711
May 706 |704 700 692 [686 (685 (683 680 684 693 [703 |706
June 705 | 698 1695 690 683 677 671 [675 678 691 |702 |703
July 722 | 717 (712 | 703 |698 692 687 688 693 (706 717 (721
August 718 §715 712 |706 (700 [ 691 1681 (686 693 704 |715 718

September | 723 | 718 717 715 (706 | 699 693 1693 |698 (708 Y17 719
October 694 | 689 691 694. 1684 |685 685 685 692 | 697 | 699 697
November | 691 | 691 694 1693 (688 |686 682 |683 |[690 692 |693 693
] December | 703 |697 |699 703 | 700 |697 695 695 704 {710 {707 705

Yoar . .\709.7{704.5%704.9‘703.1]597.23693.21689.‘9]689.6 ‘.696.0i704.7’709.6’709.8]

Sammer .|714.3’i709.7 706.8j7o1.3i594.si639.5]684.7;685.51690.0\700.7}710.81713.0‘

Winter . ‘705.2%699.35703.01 704.8]599.6 1 697.0 695.2]693.7]702.0{703.7 ‘ 708.3‘ 706.7{

The months from April to September inclusive comprise the summer half year,
those from October to March inclusive the winter half year.

TABLE II.—MEAN VALUES oF THE NORMALS FOR EACH MONTH AND SEASON.

1841-45. 1841-44. 1841-45.
January . . . . 714.2 July . . . . . 7047 | .
February . . . . 712.0 August . . . . . 703.3 Year.” . . . . . 701.0
March . . . . . 703.68 September . . . . 708.8 Sammer . . . . 700.0
April. . . . . . 701.3 October « « « + £691.0 Winter . . . . . 702.0
May . . « o & & 693.5 November . . . . 689.7
Jume. . . . . . 689.0 December . . . . 701.2
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Subtracting ecach value of Table I from its respective monthly mean as given in
"Table 11, and converting the remainder into parts of the force, we find the regular
solar-diurnal variation presented in the following table :—

TasLe 111 —REGULAR SOLAR-DIURNAL VARIATION OF THE VERTICAL FOBRCE EXPRESSED IN
PARTS OF THE FORCE.

A plus sign indicates a greater, a minus sign a less valne than the mean. The first three places of
decimals 0,000 have been placed on the side.

i i i | i | { |
1841-5. ;v 12 4 ! 6 | 8 : 10 ‘ Noon.| 14 16 18 20 ‘\ 220 4 20m.6

January | —059 | 4238 —Hl-}O —026 | —026 4172 4172 | +-304 | —092 | —323 | —224 , —158
February | —195; 4033 —132 —165 | 4099 - 231 - +264 | 4396 | 4-198 | —264 | —330 | —132
Murch — 17814086 —046 | —112 | 4-086 4119 4251 | 4317 [ 4020 | —178 —145 | —211

- April —353 | —155 | —122 1 —023 | 4175 - 4274 4274 1 4340 { 4-241 | —023 | —320 . —320

_ . May 412, —346 —214 4049 | 4247 4280 346 | 4445 | 4-313 | 4-016  —313 . —412
Z: June —528 | —297 | —198 | —033 . 4-198 4396 | 4594 | +462 | 4363 | —066 , —429 —462
> Juiy —571 | —406 | —241 1 4-056 | 4221 * +416 " 4584 | 4551 | 4386 | —043 | —406 | —538
! August — 455 | —386 1 —287 . —089 | 4109 4406 - +736 | +571 4340 | —023 | —386  —485

| September | —469 | —304 . —271 | —205 | 4092  4-323 4521 : 4521 | 4-356 | 4026 . —271 —337

. October —098 1 40866 ——000 —099 | 4231 4198 +-198 | }-198 | ‘ —033 | —198 —264 K —198

| November | —043 1 —043  —142 | —109 | 4086 + 122 | 4254 | -+-221 | —010 | —076 | —109 . —109
Devember | —059 139 4040 { —059 | 4040 : 139 4205 ---205 1 —092 | —290  —191 ; —125
Year —987 —115 —131 —068 | 4129 . 4957 366 377 4165 —121 —282 —290
Summer | —469 —317 1 —221 1 —040 | 3175 | 4350 4-508 1 4482 | 4333 | —020  —353 | —426
Winter =10t 4058 . —040 ; —096 | +082 | 4162 4224 | +274 —000 | —221 —211 155

Multiplying the above numbers by Y==12.83, we obtain the solar-diurnal varia-
tion in absolute value.

TABLE IV.—REGULAR SOLAR-DIURNAL VARIATION OF THE VERTICAL FORCE IN ABSOLUTE
MEASURE.

A greater force than the mean is indicated by a plus sign, a less force by a minus sign. The first two
places of decimals 0.00 are placed on the side.

i f
18415, o 2 { 4 : 6 ! 8 10 |Noon.| 14 ! 16 ! 18 E 20 { 220 {4-20m.6
Janmary | —076 | 4305|4051 —034 [ —034 | +220 | 4220 | 4-389 | —118 1 —415 | —289 | 203
February | —254 |+042 | —170 212} 127 | +-296 | 4338 | 4-508 | 4-254 —338 | —423 | —169
March j —3229 +110 I —059 | —144 | J-110 4152 4321 | 4-406 | 4025 | —228  —186 | —271
April —452 —198 | —157 | —030 | 4-224 | 4351 | --351 | +436 | 4309 —030 | —410 | —410
_ | May —529 | —444| —275 4064 | 4317 | +360 | 4444 | 4571 | +402 | 4021 | —402 | —529
£ June | —677| —380 | —254 | —042 4254 | +508 | 761 | 4592 | +465 —085 | —550 —b592
= July | —732 | —520 | —308 | 4072 | | 4283 | 4537 749 | +706 | 4495 1 —055 | —520: —690
August | —622 | —495 | —368 | —114 | 4-140 | 4520 | +943 | +732 | --436 | —030 | —495 | —622
September | —601 | —389 1 —346 —2€3 | 4115 | 4415 : 4668 | 4668 | 4457 | 4-034 | —347 | —431
October 1 —127 | 40851 —000 —127 4296 | +-254 | 4-254 | -+-254 | —042 | —254 | —338 | —254
November | —055 | —055 —182 —140 4072 4157 | 4-326 . 492831 —013 | —098 | —1i0 | —140
; December F—076 | 4+178 4051 —076 4051 +178| +263 | +263 ’—-118 —372 1 —245 ' —161
Year [—368 | —148 168, —057 4165 4329 | 4-470 4483 4212|156 —364 —372
Summer i —601  —406 —284} —0514-224 ' +448 46511 4618, 4428 | —025  —453 —546
. Winter j—136 4110 —051}-—-123 +106 +207| 4288 +351 ‘ —000 | —283 | —271 - —199
i i 1 l i

Annual Inequality in the Diurnal Variation of the Vertical Force.—1f we examine
the average curve of the diurnal variation as observed throughout the year, and
shown on diagram (A) by a full black line, we find the principal maximum value
about 1 P. M., and the principal minimum value about 94 P.M.; besides these
characteristic values there is an indication of a secondary maximum about 2 A. M.,
and of a sccondary minimum about 4 A. M. Dividing the year into a summer
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and winter season, the diagram exhibits the diurnal variation in summer to be a
curve of but one maximum and one minimum occurring about noon and midnight
respectively, whereas in winter the double feature of the curve becomes very con-

(A.) DIUBNAL VARIATION OF THE VERTICAL FORCE IN SuMMER, WINTER, AND FOR THE
WHOLE Y EAR.
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® 2 4 6 8 10 14 16 18 20 22 24 (4-20m.6)

=]
]
z
Philadelphia mean {ime,

spicuous, the secondary maximum and minimum occurring about 2 and 6 A. M.
respectively. The phenomenon, in the two seasons, changes therefore from a single
to a double crested curve.

The semi-annual change of the diurnal variation is better shown in diagram (B),
which contains the difference from the annual curve in summer and winter, viz. :—

‘ on % 2 4 [ 8 10 |Noon.| 14 16 18 20 220 [(4-20™.6)

Summer —182 | —201| —90 | 428 | 446 | 493 | 142 | 4105 | 4168 | 4-101 | —71 | —136
Winter ]-}—181 | 4202 491 | —28 | —47 | —95 | —142]| 103 | —165 | —100 | 471 | 4135
|

(B.) SEMI-ANNUAL INEQUALITY IN THE DIUENAL VARIATION OF THE VERTICAL FoRCE.
N *
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At 51 A M. and 7 P. M. there is no change in the diurnal variation throughout
the year; at the hours 2 A, M. and 4 P. M. the change is a maximum, viz: range
cqual 0.000403 parts and 0.000333 parts of the force, or equal 0.00517 and 0.00427
when expressed in absolute measure.

The turning epochs of the annual inequality as found from the hours 2 A, M.
and 4 P.M. arc derived from the following table, in which the numbers arc
expressed in parts of the force; the numbers in the last column were obtained by
changing the sign of the afternoon difference before taking the mean.

t 2A M Differences. 4P M Differences. Mean d:flerence.

0.000. 0.000. 0.000. 0,000, 0.000.
January . . . . 4238 -$+353 ~—092 —257 4305
February . . . . +-033 +148 4198 +-033 4058
March . . . . 4086 4201 4020 —145 4173
April . . . . . —155 —040 +241 4076 —(58
May . . . . . —345 —231 -+313 -+148 —190
June . . . . . —297 -—182 -+363 4198 —190
July . . . . . —406 —291 + 386 +221 —256
August . . . . . —3%6 —271 +340 +175 —223
September . . . . —304 —189 ~+-356 +191 —190
October . . . . . -+ 066 +181 —033 —198 4190
November . . . . —043 4072 —010 —177 +125
December . . . . +139 254 —092 —257 -+-256

Mean . . . —I115 | ‘ +165 |

The figures in the last column are represented by the equation

A, = + 0.000260 sin (6 4 86°) + 0.000031 sin (26 + 180°)
the angle 0 counting from January st at the rate of 30° a month. According to
this expression the transition of the inequality from a positive to a negative value,
and vice versa, takes place in the first quarter of April and October, or about 17
days after the equinoxes.  The retardation of the phenomenon in the declination,
horizontal and vertical force is, therefore, 10, 22, and 17 days respectively, or 16
days on the average.

Analysis of the Solar-Diurnal Variation of the Vertical Force.—For greater
fucility of the investigation, and for purposes of comparison, the numbers of Table
1. have been expressed analytically.  The angle § counts from midnight at the rate
of 15° an hour.

For January, a,= 714%2 4+ 4.8 sin ( 6 4 134° 09') + 5.5 sin (20 + 224° 22/)
+ 0.8 sin (38 + 61°)

For February, a,= T712%0 4+ 7.5 sin ( 0 + 91° 47) + 5.1 sin (20 -+ 226° 22/)
+ 1.6 sin (39 4 273%)

For March, A, = 70356 + 5.5sin ( 6 + 98°24') + 3.6 sin (26 + 220° 227)
+ 0.7 sin (39 + 95°)

For April, A, =701%3 4 10.5 sin ( 6 + 89°12') 4 2.2 sin (26 -+ 175° 59')
+ 1.3 sin (39 4 232°)

For May, A, = 69345 + 18.1 sin ( 6 + 85° 17") + 1.9 sin (29 + 144° 31/)
4+ 1.8 sin (30 + 278°)

For June, a, = 68940 4 15.8 sin ( 6 + 87° 22/) + 3.1 stn (246 + 193° 56/)
+ 0.4 sin (30 4 210°)
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For July, A, = T04LY 4 17.4 sin ( 0 + 86° 30’) + 2.6 sin (20 + 174° 16")
+ 0.7 sin (3¢ + 300°)

For August, a,= 7033 + 17.1 sin ( 6 + 81° 10’) + 3.7 sin (20 + 215° 50%)
+ 0.5 sin (86 + 75°)

For September, 4, = 70848 + 14.3 sin ( 6 + 13° 57') + 2.9 sin (26 + 210° 24/)
+ 0.3 sin (36 + 165°)

For October, &, = 6910 4+ 6.1 sin ( 6 + 119°48') + 3.1 sin (20 -+ 236° 28)
4+ 1.1 sin (36 + 210°)

For November, a, = 689%7 4 4.4 sin ( ¢ + 83° 33") 4 3.0 sin (20 + 254° 00')
+ 0.0

For December, a,= 701%2 4 4.5 sin ( ¢ 4+ 133°49/) + 4.3 sin (25 + 231° 57)
+ 1.0 sin (36 + 63°) - :

We have also for summer half year (April to September inclusive), for winter
half year (October to March inclusive), and for the whole year the following
cxpressions for the diurnal variation :—

For summer, A, = 700%1 4 14.6 sin ( 6 + 83° 40’) 4 2.5 sin (29 4 191° 01')
A + 0.5 sin (36 4 255°)
For winter, A, == 10200 + 5.1sin ( 9 + 108°54') + 4.0 sin (20 + 229° 58)
+ 0.0
For year, .= 70140 + 9.7 sin ( & + 90° 17’) + 8.0 sin (26 -+ 216° 22/)
+ 0.2 sin (36 + 255°)

The following comparison may serve to show the general representation of the
observations by the analytical expressions:—

COMPARISON FOR AUGUST,
Observed. Compated. Difference.
Oh 20™.6 718 718.2 0
2 « 715 715.1 0
4 « 712 7113 +1
6 « 706 707.0 —1
g8 « 700 699.9 0
10 « 691 £50.0 +1
12 ¢ 681 683.0 ~2
14 ¢ 686 684.3 +2
16 « 693 693.5 [H]
18 « 704 705.0 -1
20 « 5 713.9 +1
22 718 718.4 0

The summer months are better represented than the winter months; in May the
difference is below half a scale division; in the winter season in several instances
it rises to 3, and in one case to 4 scale divisions.

Diagram C exhibits the diurnal variation, observed and computed, for the six
summer months, Diagram D the same for the six winter months.
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(C). SoLAR-DIURNAL VARIATION OF THE VERTICAL FORCE, APRIL To SEPTEMBER, 1841 To 1845.

(Expressed in scale divisions.)
14==0.000033 parts of the force.
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(D). SoLAR-DIURNAL VARIATION OF THE VERTICAL Foror, OcroBEr To MARCH, 1841 To 1845,

(Expressed in scale divisions.)
14 =0.000033 parts of the force.
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The numerical values of the cocfficients B, B, B; in the general equation
Ay=Ad+ B sin (0+ C) +Bysin (20+ C,) + B, sin (30 + C))
The first three

DISCUSSION OF THE VERTICAL COMPONENT

expressed in parts of the horizontal force, are given in Table V.,
decimals (0.000) have been placed in front of the table.

TABLE V.

Month. | ‘ B, t B, B,
January . | I 158 151 026
February . . . ; 247 168 053
March . : 181 119 023
April . . 346 073 043
May . . i | 432 063 059
June . = 521 102 013
July . . . b= 574 (86 023
August . . . e b6d 122 016
September . 1 472 096 010
October . J Lo 102 036
November . . i 145 i 099 000
December . ! 148 | 142 033
Summer . i i 482 082 016
Winter . . : ' 170 132 001
Year . i 320 099 007

The next table contains the numerical values of B, B, B, expressed in absolute
measure, and the angles € €, (7; obtained by the addition of 180° to their pre-

ceding values, so as to make increasing values correspond to increasing force. The
first two decimals for B are placed at the head of the columns,
TasrLe VL
Month. f 0.](3110 C, 1 0.12)20 G, 0%32) Cs
January . .o a0 314009 | 233 | 44022 034 2410
February . . 317 271 47 L2116 46 22 068 93
March .. 233 278 24 | 153 40 22 030 275
April R e 269 12 | 093 355 59 055 52
May N L 265 17 080 324 31 076 98
June . . . . 668 267 22 131 13 56 017 30
July B T 266 30 110 354 16 030 120
August . . . . .| 723 261 10 157 35 50 021 255
September . . . .| 606 253 57 123 30 24 013 345
October . . . . .| 258 299 48 131 56 28 047 30
November . . . . 186 263 33 127 74 00 000
December . . . .| 190 313 49 182 51 57 042 243
Summer . . . 618 263 40 106 11 01 021 75
Winter . . . . .| 218 288 54 169 49 58 002
Year . . .| 410 270 17 127 36 22 008 75

The next diagram (E) exhibits the general feature of the diurnal inequality for
the year and its summer and winter season, as computed by means of the preceding
The greatest difference between the observed and computed values at
any one hour is but 2} scale divisions at 2 A.M. in the winter season, and 11
divisions at the same hour in the annual curve.
wave in the ecarly morning hours during summer is as conspicuous as its presence

formule.

The absence of the secondary
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in the winter season; in the annual curve there is barely a trace of it left. We
also recognize again the earlier occurrence of the maximum and minimum values
in winter and their later appearance in summer. If we examine the resulting curves
at Toronto' we find there the secondary morning fluctuation equally well marked

(E). REGULAR SOLAR-DIURNAL VARIATION OF THE VERTICAL FoRCE For WINTER, SUMMER, AND
THE WHOLE Y EAR.

(In parts of the force.)
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in summer and winter; and if we inquire into this feature for each year separately,
we find great irregularities between the hours 14 (Toronto astro’l time) and 22; in
1843 the secondary maximum and minimum is plainly developed, in 1844, and espe-
cially in 1845, it cannot be traced. Diagram (¥) exhibits the curves for Philadel-
phia for each year. In 1841 and 1842 the curves are smooth, in 1843 the wave
appears well marked, in 1844 it is just perceptible. These apparent irregularities
are probably due to imperfections in our instruments; on the other hand, if we take

the Philadelphia series, there may be a cyclic appearance and disappearance of
this wave.

* Vol. III of the Toronto Observations, Table LXVIIL.



52 DISCUSSION OF THE VERTICAL COMPONENT
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Table VII exhibits the computed times of the principal maximum and minimum
of the vertical force, together with the amount of difference from its average daily
value at these epochs, expressed in scale divisions; also the time and amount of
the early morning secondary fluctuation traccable only in the winter months; for
these last values the diagrams have been made usc of.

TasLe VIL
] i

{ ' Amount in Amount in Time elapsedl Secondaryl Secondary

| Maximum scale Minimum scale | between | maximum|Amouat.| Minimum | Am't. | Becondary,

| at | divisions. at divisions. | max. & min. at at range.
January | 13v07= | — 8.5 | 1gn27m | 4 944 | ev20m 2)h | —4 78 +2 6
February | 13 41 —11.5 20 21 +10.6 6 40 14 +1 4} +4 3
March 12 46 — 8.9 21 04 + 6.7 8 18 3 —1 6} +2 3
April 13 52 —10.2 22 04 +11.8 812 | .---n- [N R R
May 14 3 —13.1 22 58 +-12.6 8§24 |----- B IR cema| e
June 13 09 —-17.2 22 35 -+16.2 926 |----- B e
July 13 33 —18.2 23 10 +17.3 937 |----- | .. cree] mmeen
Aungust 13 02 —20.8 23 06 +15.5 10 04 | -en-- R R T
September; 13 23 —16.8 23 20 +12.6 957 | -~c-- [ cema] eaana
October 11 16 — 7.6 20 34 + 8.7 9 18 2 —1 5 +1 2
November| 12 35 — 7.4 19 59 -+ 3.9 7 24 1 +1 4} +3 2
December; 12 31 — 7.8 19 09 + 7.8 6 38 3 -3 7 41 4
Summer 13 29 —15.8 22 55 +14.1 926 |----- [ P
Winter 12 43 — 8.2 20 08 + 7.6 7 25 2 —1 6 +2 3
Year 13 02 —11.9 21 25 4+ 9.7 § 23 |----- R BT T R

The extreme variation in the time of the maximum in the course of a year is
3" 18~ and of the minimum 4® 11=,

At Toronto the occurrence of the maxima and minima is later than at Phila



OF THE MAGNETIC FORCE. 53

delphia; from Table LXVIII, Vol. IIT of the Toronto Observations, we find the
maximum at 5", a secondary minimum at 14*, a secondary maximum at 18", and the
minimum at 22"; the maximum is therefore apparently delayed at Toronto 4", the
minimum 4%, the secondary wave is likewise retarded by about 4 hours. This
epochal difference 1 take, most likely, to be a distinctive feature due to the localities ;
there is also a remarkable difference in the amount of the diurnal range as will
presently appear. The degrée of sensibility in the adjustment of the centre of
gravity of the instrument affects meost the latter difference, whereas the epochal
difference may be supposed to depend, in a measure, upon the sensibility of the
magnet in regard to changes of temperature and consequent changes of magnetism.

The change in the adopted value of the correction for 1° of change in the tem-
perature (expressed in scale divisions) as used in present reduction (10.8), and as
used in four volumes of record and reduction (13.5) gives us the means of a partial
test of the effect on the epochs, we find from the plates in Vol. IV the time of the
maximum 1} P. M. and of the minimum 11} P, M., which though somewhat nearer
to the Toronto epochs, still leave a large discrepancy.

TaBLE VIII.—AMPLITUDE OF THE DIURNAL VARIATION OF THE VERTICAL FORCE.
Maximum Minimum Range Maximum Minimum Range
0.00 0.00 0.00 0.00 0.00 0.0
Janunary . . . . . 028 031 059 359 398 0757
February . . . . . 038 035 073 484 447 0931
March . . . . . 029 022 051 377 283 0660
April . . . . . . 034 039 073 431 500 0931
May . . . . . . 043 042 085 555 535 1090
June ., . . . PR 057 054 110 725 686 1411
Jaly . . . . A 060 057 117 769 733 1502
August . « . . . 068 051 119 878 654 1532
September . . . . . 055 041 - 097 712 532 1244
October . . . B . 025 029 054 323 369 0692
November . « . . . 024 013 037 313 166 0479
December . . . . . 026 ] 026 0562 330 332 0662
Summer . . . . . 052 046 098 667 597 1264
Winter . . . . . 027 025 052 349 322 0671
Year . . . . . . 039 032 071 503 430 0913
In parts of the force. In abeolute measure.

The diurnal range at Toronto is very much less than at Philadelphia; in 184142
the range was but one-half of that observed at Philadelphia, and for later years (see
Table LXVIII of Vol. ITI of the Toronto Observations) the ranges compare as fol-
lows: Toronto 0.00019, Philadelphia 0.00071.

In diagram G the diurnal range for each month is exhibited (expressed in parts
of the force).
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(G). DrvrNAL RANGE OF THE VERTICAL FORCE.
(In parts of the force.)
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Table IX contains the times when the mean value of the vertical force is reached
cach day—arranged for monthly averages. In some months the average daily value
is attained four times, but generally only twice. The table contains the two prin-
cipal epochs (one A. M. the other P.M.); those produced by the secondary wave
can casily be made out by means of the preceding diagrams.

TabLe IN.—Privciran Erocus or MEAN VERTICAL FORCE.
A. M. P. M.
January . . . . 8h H8m 3h47m
February . . . . . 7 42 516
March . . . . . . 8 27 4 53
April . . . . . 6 15 6 13
May . . . . . 5 55 6 21
June . . . . . . 6 36 6 04
July . . . . . . 6 08 6 10
Aungust. . . . . . 7 30 6 04
September . . . . . 751 6 28
October. . . . . - 6 34 419
November . . . . . 8 11 4 49
December . . . . o 8 27 339
Summer . . . . . 6 43 6 13
Winter . . . . . o 7 52 429
Year . . . . . . 7 06 5 33

The next table contains the computed diurnal variation of the vertical force,
expressed in absolute measure ; compared with Table IV, it shows the differences
between the observed and computed values.
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TABLE X.—COMPUTED SOLAR-DIURNAL VARIATION OF THE VERTICAL FORCE, EXPRESSED IN
A BsSOLUTE MEASURE.
The first two places of decimals 0.00 are placed on the side; - indicates more, — less than the monthly

average.
{
Ctsmeas. | oo | 2 | 4 | 6 | 8 | 10 |Noou| 14 | 16 | 18 | 20 | 22 |420me
January | 4025 | 4165 | +123 | —030 | —046 | 4161 | 4355 | 4258 | —080 | —351 | —376 | —203
| February | —072 | —085 | —178 | —123 | 1063 | 4258 | 1436 | 4465 | 1203 | —241 | —444 | —283
i March —135 | —017 | —008 | ——072 | —013 +207 4372|4304 | 4059 | —165 | —275 | —258
| April 385 | —266 | —165 | +008 | +216 | 1338 | +-402| 436 | {317 | —025 | —385 | 41
' May 516 | —461 | —262| 1058 | 1-309 | 1372 | 4448 | 4554 | 1423 | —000 | —402 | —533

S June 601 | —419 | —245 | 042 | 4241 | +533 | 4711 | 1681 | 4398 | —068 | —503 | —685

Z July 22706 | —550 | —279 | 4034 | 4-305 | 4537 | 1723 | 4744 | 4-457 | —051 | —499 | 714
Auzust | —630 | —499 | —338 | 157 | +144 | 1-563 | 1859 | 1804 | 4-414 | —072 | —448 | —639
September | —512 | —431 | —351| —207 | 4-076 | 431 | 4673 | J-677 | 1-436 | +-047 | —321 | —516
October | —055 | 4030 | —030 | —008 | +165 | 1-309 | 1-300 | 4182 | —004 | 237 | —377 | —215
November | —059 —089 | —148| —131 | 4017 | 4-207 | 113 | 4-233 | 4-046 | 123 | —161 | —106
December | —008 '+-110 | +-097 | —008 | —008 | 1182 | 1330 | 4-203 | —114 | —313| —304 | —165

Year —309 | —211| —152| —055 | 4123 | 4-343 | 4-495 | 4-457 | 4211 | —131 | —368 | —402
Summer | —558 | —440 | —275 | —050 {212 4465 | 1634 [ {651 | 4410 | —025 | —423 | —600

Winter —046;4—017 —021 —051i+034 4216 | 4338|4271 | 4021 | —228 | 321 | —216

A graphical representation of the above tabular numbers is given in diagram H,
based upon the three variables: the hour of the day, the month, and the difference
of vertical force from the normal monthly value. The contour lines of the mag-
netic surface differ 0.001 of vertical force (in absolute measure). Full lines indi-
cate greater value, lines of dashes less value than the normal, dotted lines represent
the normal value. '
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iy }

(11). DIFFERENCES FROM ITS NORMAL VALUE OF THE VERTICAL FoRCE, FoR EACH HovuR AND MoxTm.

(Expressed in absolute measure.)
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Annual Inequality of the Vertical Force.—The minor and irregular disturbances in
the adjustment of the magnetometer, as well as the cffect of the progressive and
secular changes, tend to make the determination of the annual inequality in the
vertical force a task of some delicacy, and the results deduced from our series of
observations should be considered as approximate.

Taking the monthly normals of the years 1842, 1843, and 1844, the only years
which could be made complete, and cor:ecting the monthly means for 42 scale
divisions of annual increase, the following table was formed :—
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MoNTELY NORMALS.

Year, Jnnuary.!Feb‘u'ry.i M;rch.i April. | May. | Jume. | July. [Augast.| Sept'ber.] October. | Nov'ber. { Dec’ber.
1842 . . . 658 707 658 659 666 | 655 | 662 | 677 682 706 716 710
1843 . . . 702 710 691 | 707 686 678 | 677 | 691 708 710 742 746
1844 . . . 731 728 760 756 756 758 796 773 801 78 770 745
Mean . . . 697 715 703 | 707 699 697 | 12 | T4 730 731 743 735
Corr'd e H19 [ F16 (F12 |+ 945 |+2|—3|—5]|—9 | <12 |16 |-19
Corr'd m. . . 716 731 | 715 | 716 704 | 699 4f 710 | 709 721 719 727 716
Mean monthly val. | — 1 | —16 | 0 =1 41 416 |+ 5 | +6 ) —6 | —4 |12 |—1

The vertical force appears, therefore, to be
August, and less in the remaining months; the range is about 32 scale divisions
=0.00105 parts of the force, or 0.0135 in absolute measure.

greater in May, June, July, and
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INVESTIGATION

OF THE

INFLUENCE OF THE MOON ON THE MAGNETIC VERTICAL FORCE.

TaE method of discussion of the lunar effect on the vertical component of the
magnetic force in no way differs from that employed for the horizontal component,
which latter has been explained in Part VI.

The series of observations available for the lunar discussion extends from Febru-
ary, 1841, to June, 1845, inclusive. From February, 1841, t8 October, 1843, the
observations are bi-hourly; from October, 1843, to the end of the series they are
hourly. The record of May, 1841, is not quite complete, and in January, February,
and March, 1843, but one observation a day is recorded. As increasing numbers
denote a decrease of force, a positive sign of the tabulated differences between
monthly normals and each individual undisturbed reading (at the normal tempera-
ture) indicates a greater force than the normal value, a negative sign indicates the
reverse. 30 scale divisions being the limit beyond which difference an observatien
has been considered as belonging to the class of disturbances, all differences here
recorded are below this limit. One scale division is 0.000033 parts of the force.
The tabular numbers are expressed in scale divisions.

In tracing out the lunar effect upon the vertical force we have to contend with
greater irregularities than was experienced in the case of the horizontal force. The
vertical force magnetometer is more subject to changes, and the correction for tem-
perature far exceeds that of the horizontal force.

The total number of observations and differences formed in the inquiry of the
dependence of the force upon the moon’s hour angle is 19513, which distribute
themselves over the months and years as follows :—

TaBLE I.—NuMBER oF OBSERVATIONS FOR LUNAR DIscuUssioN,

Month. ! 1841, 1842, 1843, 1844. E 1845, Bum.
January . . . . . - 207 --- 544 611 © 1362
February . . . . . 239 198 .- © 549 554 1540
March . . . . . 257 286 --- 502 539 1584
April . . . . . 256 255 250 512 581 1854
May . e e e 207 246 288 617 602 1960
June . . . . . 219 275 296 529 571 1890
July N . . . . 258 281 308 581 .- 1428
August . . . . . 283 284 314 535 - 1416
September . . . N 267 246 292 568 .- 1373
October . . . . . 280 298 580 607 . 17656
November . . . . 275 299 528 596 .- 1698
December . . . . 239 304 b4l 559 - 1643
Year . . . . .| 280 3179 3397 8699 % 3458 19513

(6%
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~
TaBLE I11.—DISTRIBUTION OF NUMBERS ACCORDING TO W EST-
ExN AND EasTERN HoUR ANGLES oF THE Moox.
Year. ‘Western hour angles. Eastern hour angles.
1841 1388 1392
1842 1588 1591
1843 1694 1703
1844 3321 3378
1845 ! 1728 1730
Sum ! 9719 | 9794
TapLE II1I.—DIFFERENCES FROM THE MONTHLY NoORMALS, 1841.
‘Western hour angles of the moon.
U. cul. f .

1841, 0 o0 01 2 3 4 5 6 7 8 9 10 11k
January | ---- .- - .-- --- --- .-- - --- - .-- ---
February | 43 +1 +3 —2 +-8 —5 0 +1 -1 +4 —2 —3
March i —6 . -+5b —3 +-6 +1 +9 —6 +2 -7 -1 -3 0
April =1 i 41 0] +2 | — +3 | =1 0 | —1 47 | 7 | 42
May P s 0 —1 | 42 1 41 4 | 47 | 43 | 44 | 44 | +1 | 45 | —5
Juna i 0 —6 —5 +-2 —8 —2 +5 —3 —4 +8 +7 0
July i —4 1 48 —6 i 42 -7 +5 —3 <41 -1 —7 +5 —4
August | —1 ! 5 +1 —6 —5 —6 0 —1 0 +1 —3 —1
September| +3 | +3 +1 —+1 —6 -5 —2 +2 0 —4 -3 —3
October ' —8 | —1 -2 0 —2 —1 —4 0 +1 0 +6 -4
November ; —3 | +3  —1 | +3 -3 —3 —6 -5 +1 —3 | 44 -1
December © —5 —4 0o —1 —2 | —b | —3 | —3 -+5 +2 | -3 —2
Year —15 404 —09 +0.7, —2.0 406 —15 —0.2; —0.3| 407, +05 —12

' ! : i i : i i

Eastern hour angles.
i L.ocul i {
1841. ¢ 1 2 3 4 5 6 7 8 9 10 11n
) |

Januwary | --- --- .- R - .- - - .- - -
February | —3 —2 <41 —3 . 43 —2 -+4 —3 “+3 42 +-2 —1
March ‘ Y +2 +3 -+7 —1 48 —7 +1 —8 0 —6 +1
April [ o | —4 o | -1 0 | —2 | —1 | -3 | —1 | —1 | —1 | 41
May | -2 —2 ~+1 -~ 41 -5 41 -8 +3 | =10 43 —4
June | +5 —2 +1 +5 —7 +5 +3 —1 —6 —32 —8
July } +1 —4 +6 0 —2 +5 -2 <45 —2 -+2 —3 +7
August | 41 —1 +2 0 0 +1 +4 +5 42 4-4 +1 +3
September| —3 | 42 | —4 0] —1 | 42 | —1 | —2 | 41 0| +2 | +8
October | 43 | 44 | 44 | —1 +1 | 41 | 44 -1 +2 | —2 | —4 | —4
November| -+2 | —3 | 41 0 | —1 | 45 | —3 | +5 0 | 48 | —2 | 42
December | 46 +6 +1 46 +3 +2 +3 | —10 0 | —10 0 -7
Year i 405 +o.3i +1.2; +03] 407 40.7) +0 6i —0.7| —0 1i —1.2| —0.8] —0.2

i | i |
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TasLE IV.~DIFFERENCES FROM THE MONTHLY NoRMALS, 1842,
Western hour angles of the moon.
U. caul.

1842, 0 1 2 3 4 6 6 7 8 9 10 i
January —8 0 —1 —1 —6 —b 44 48 —3 49 +4 +1
February | —3 0 | 45 | —6 | +4 | —3 | —9 |—11 | 46 | 43 | 47 | +6
March 45 | 42 | 43 0 | 42 | —4 | —6 | —6 | 44 | —1 | —5 | 45
April +2 +2 0 0 11 —2 —5 .| -3 -7 -1 41 —5
May —5 | 43 | —3 | 42 | —3 ¢ 44 0 0 | 45 | —2 | 43 | —7
June +3 | 45 | 43 | 42 | —2 | +1 | 43 | 83 | 48 | =1 | 46 | —7
July —2 | —4 | —3 | 42 | —8 | —2 0 | 42 | 44 | 43 | 47 | 41
August 42 | =2 | 41 | —4 o0 | 41 | —8 | —2 { +1 | —1 | 48 | —3
Beptember| +3 | —5 | —2 | —% | —5 | —8 | 43 | —1 | —3 | 46 | —4 | +5
October 0 0 | —3 | 44 | 41 | —5 | 44 | —1 | 41 | 44 | —3 0
November| —3 | 41 | 41 | —3 | 42 | 42 | 43 o | 41 | — | 42 0
December | —1 -3 41 +-4 —4 | 44 -1 +1 +4 -1 —3 +3
Year —0.4| —0.1] 40.2 l —11| —23| —L0 ( —0.6| —1.3] 1.8 i 4071 420 404

Eastern hour angles.
L. eul.

1842. o | 1 2 3 4 5 6 7 8 9 10 11
Janvary | 45 | 44 | —3 | —1 | —& -3 | —2 | 43 | —4 | 44 0o | —4
Febrnary | 46 | +1 | —2 | +4 | —3 | 43 | —1 | —7 | —1 | 49 | —5 | 43
March —4 | 43 | —4 | -3 | -4 | —6 | 42 | — | 42 | 42 0 | 44
April —3 | 44 | =1 | 46 | 43 (410 | 41 | +4 | +1 0 | +6 | 42
May 45 | 42 | 46 | —4 0 | —2 | —2 | —1 |—2 | +8 | —8 | +3
June 0 —6 0 -8 +3 —5 —3 —9 +3 —5 +3 -5
July 42 41 +2 41 —3 —1 +1 —2 —1 0 —3 ~—1
August +5 —3 —1 0 +1 0 +2 0 42 0 417 —3
September —6 —2 —1 +2 —1 —1 +2 49 +2 +13 -3
October | —9 | +1 | —4 | —3 0 | -3 | 42 {42 | 42 | +2 0 | 42
November | 43 —1 —8 -2 —2 0 42 +-2 +1 43 —1 0
December | 45 -1 -2 —1 —1 0 | 0 0 —5 41 —3 —3
Year +0.8 “ 4+0.2| —1.3| —0.8| —1.0| —0.7| 403| —0.3| —0.8| 43.0| 0.0 —04].
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TABLE V.—DIFFERENCES FROM THE MoNTHLY NORMALS, 1843.
Western hour angles of the moon.

U. cul. i

1843. (U | 2 3 | 4 5 6 7 8 9 10 11n
January | --- --- --- --- .- .- --- .o --- SRR ---
February & --- .- --- --- --- --- --- --- --- B ---
Mareh e T B B B e I e T
April +10 1 3 414 | —5 | 48 | 31 0 | 41 | —5 | 43 | —2 | —3
May 46 | —3 | 44 | 43 | 43 -3 | —3 | =5 | —1 | —4 | 41 | —5
June 41 D1 g 42 42 | 42 | 41 | 42 | 41 | 43 | 44 | 4
July +7 D45 44 45 44 | 48 | 43 | 43 | 43 | 41 | 1 | 1
August 6 | —2 | 42 | —1 | 34 0 | 45 | —3 | 43 | —4 | 42 | —2
September! —3 48 0 +5 —3 +4 +4 —17 +3 -3 +1 -3
October 2 -+2 +3 [ +3 +2 “+2 —~1 ! —4 —2 —3 —2 —3
November | 41 @ 42 42 1 —3 +1 —2 —1 | 41 0 +1 -+4 0
December | +1 | 42 | 43 | 3 0 | 42 | 42 | 41 | -1 0 | +1 | —2
Year | 4240 4130 430 404 420, +1.3] 08| —11] —0.2] —o.6 | +0.9] —17

] | | | | I |
Eastern hour angles.
L. cul. | ’

1843, 0 1 2 3 4 5 6 7 8 9 10 11x
January - N R - - - - .- .- - -~ -~
February | --- O .- --- --- [ --- -.- .-- -——- .-
March --- R [ - --- -- --- --- - -~ -
April —2 0 -1 —6 -5 —6 +5 -+1 +4 0 —2 +1
May —2 —6 —3 0 42 —1 +1 +2 +-4 +-2 +6 42
June +2 0 41 42 —1 +2 -2 +1 -1 0 +2 —2
July —5 —4 —b5 —5 —3 —5 —6 -—3 4-2 <41 43 +4
August 42 | —2 0 | —1 | =1 | —1 | 45 | —2 | 42 | —4 | 44 | 42
September| —2 0 —3 —1 -6 —3 —2 44 +3 +1 —2 +4
October —5 i —1 | 41 | 41 0 0 0 0 0 | +2 | 43 0
November | —1 0 -3 | 4 43 | —1 | -1 | =8 | —1 | 42 | —2 | 41
December | —2 0 —2 ' -1 —3 —2 —3 —3 -3 —2 —3 0

Year f—1.9| —1.2/ —1.6' —0.9| —1.2] —1.7! —o0.6 I —0.8 |‘ +0.5 0.0] 40.6| 1.1
! { } |

In making up the annual means, the October, November, and December values

have received double weight; they are derived from double the number of
observations,
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65
TasrLe VI.—Dir¥ERENCES FROM THE MONTHLY NORMALS, 1844.
‘Western hour angles of the moon.
U. enl.

1844. 0 1 I 2 ~ 3 4 b 6 7 8 9 10 11r
January +1 +5b 0 0 —2 -1 —2 —1 1 —1 —1 0
February | —1 —1 <41 41 0 —1 +3 +3 0 +1 —1 —3
March —4 —b 42 —1 +3 —1 +1 —32 41 —1 0 —3
April +1 | —1 | 45 | 42 0 | +1 | —4 | 43 | 43 0| —2 | —3
May 0 ] +1 | 41 ) 41| 41| 42| 48| 42 | 42 | +1 | 42 0
June +1 —2 -2 —32 —2 —1 —2 0 0 43 0 +3
July 42 | 42 0 42 | 41 | 41 | +3 0 0| —2 9 0 0
August +1 —2 —2 —2 —1 ~—2 —2 —6 —2 —4 —1 0
September| -1 +1 “+1 —1 -1 -1 —2 0 -2 —2 —3 0
October 0 0 0 -2 —1 —3 —2 —3 —3 —2 0 +3
November | +2 45 +5 43 -+2 0 41 +3 41 0 —2 —3
December | ~1 0 -+1 +3 0 —1 —1 —1 +2 41 0 0
Year +0.3] 403 +1.2] +0.3 0.0 —0.4l —0.6{ —0.2{ —0.1| —0.3] —0.7{ —0.5

Eastern hour angles.
L. cul i

1844. 0 1 2 3 4 5 6 | 7 8 9 10 11w
January - | —4 | —2 | —8 | —2 | —2 | —3 0| 41 | —2 | —1 | 43
February | —3 | —1 | 42 | +1 0| —3 | —4 | —2 | 41 | —1 | —1 0
March —8 | 41 | —4 | —2 | -1 | +4 | 42 | 45 | 42 | 4 | —4 | —1
April —1 +1 +1 0 -1 —1 —3 —1 0 -1 -1 +-2
May —1 —2 0 —2 —2 —1 -3 —32 —32 -1 0 0
June +1 0 +1 +1 0 +1 +2 —2 —1 +2 0 —1
July +1 0 0 +1 0 —1 +1 42 +1 0 +1 41
August —2 —1 —1 0 +2 46 ~+-4 +4 +3 -+2 +1 -1
September| —1 —2 —1 -1 0 0 “+2 +3 +2 41 +4 +4
October 44 +1 +1 “+1 0 +2 “+1 41 0 +3 +1 -+3
November | —4 —4 —1 +1 +1 +1 +2 +1 0 “+1 ~+3 +2
December | -2 +2 +1 +2 0 +1 —3 —3 —1 —1 +2 —1
Year —1.0, —0.8! —0.2| —0.1; —0.3! 40.6], —0.2{ 40.5{ +0.5| --0.1| +0.4] +41l.0
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TasLk VII.—DIFFERENCES FROM THE MONTHLY NORMALS, 1845.
Western hour angles of the moon.
U eunl E 1 ‘ !
1845, U 2 3 | 4 | 5 | 8 7T ] 8 9 10 110
. : ! I ! i
i P o | o i i | | o i
January +1 0 42 ¢ 42 4+ 0 42 1 44 41 +1 -2 0 +3 +2
F:*l])ruu.ry =2 1 o =3 -2 ! -2 i —2 0 0 S +1 0 —1 “+1
March ~ 0 1 —1 § —2 +1 1 41 | 0| 42 +1 | —2 0 | 44 —1
April i —2 | —4 | —2 0 =1 | —1 0 | +2 | 45 | 44 | 44 | 42
May —L b1 42 41 42 48 | —2 | —1 0 | 41 | —1 0
June +1 0 41 42y 0 —2 | 0| —1 —1 -3 —4 -3 —2
Mean _Mi —0.2] —0.20 +0.3 0.0 -}-0.7“i o.ol +0.3] —0.2] +0.2i 410 403
| ! ! | : ! i
Eastern hour angle.
L. cul. 1 1
1845, o 1 2 3 4 5 6 7T 4 8 9 10 11
January 0 —1 —5 0 —3 I\ —1 0 -2 3 —2 ; —4 | ——g 0
February +2 +3 +3 | 43 +2 0 0 —1 ! 0 —1 ! 0
March +4 +2 —1 +2 —2 +1 —1 +1 | =2 —2 -3 —3
April =1 41 =1 =1 =2 =2 | 1 =10 4L 41| 4]
May ~1 } -1 | -2 i =3  ~2 | —1 | —1 0 41 | 41 0 -1
June —1 +1 0 +1 +2 +1 +2 0 +2 0 41 438 | +2 +3
Mean 405 409 —1.0 -—0.2 03] —0.3] —0.2] —0.2 —0.35 —0.3. —0.9 0.0

Before we combine the above results of years and parts
to inquire into the variability of the lunar effect in summer and winter.

of years, it is desirable
Consider-

ing the months from April to September (inclusive) as summer months, and those
from October to March (inclusive) as winter months, and combining the differences
from the monthly normals in each year according to the number of observations,
we obtain the following results :—

Western hour angles.

TasLeE VIII.—LUNAR-DIURNAL VARIATION 1N SUMMER AND WINTER, 1841 To 1845.
(Expressed in scale divisions.)

T. eul 1 ' ‘ , !
o 1 1 2 3 4 |+ 5 | 8 7 8 9 10 11k
: ‘ i ! i
Summer | 1.0 | —0.1 | 4+0.6  +0.2 | ~1.0 | 4+0.8 | —0.4 | —0.4 | 401 | —0.1 | 4-0.6 | —1.0
Winter | —0.8 } +40.8 ' +0.9 | 40.1 ‘ +0.4 , —0.6 | —0.5 | —0.5 0.0 | 40.1 | 404 0.0
i i i
Eastern hour angles.
L. cul. '
0 1 2 3 4 5 | 6 7 8 9 10 11b
Sumimer —0.5 | ~0.8 f——O.?) —0.9 | —0.4 | —0.4 | +0.4 | 40.4 | 40.6 | 40.6 | 41.1 ’ +-0.8
Winter —0.2 | 4-0.3 { ~—0.9 | 403 | 4-0.4 | 4+0.2 | —0.5 | —0.7 | —0.5 0.0 { —1.1 0.0
|

These numbers arc sufficiently irregular to indicate that we cannot hope to
deduce any scparate results for the seasons, the number of observations (about

9800) being altogether insufficient.

We can therefore in our general combination
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of the annual means give equal weight to the results from the six months of houﬂy
observations in 1845, and to the results from the twelve months of bi-hourly obser-
vations in 1842; compared with these results, those of 1844 have the weight two.

TABLE IX.—RECAPITULATION OF THE ANNUAL MEANS EXHIBITING THE LUNAR-DIURNAL V ARIA-
TION FROM OVER 19,500 OBSERVATIONS BETWEEN FEBRUARY, 1841, AND JUNE, 1845, INCLUSIVE.
‘Western hour angles.

U. cul. !

Woight. Year. On 1 2 3 4 5 6 7 8 9 | 10 11k
1 | 1841 | —1.5 | 404 | —0.9 |40.7 |—20 [40.6 |—1.5 |—0.2 |—0.3 |40.7 [ 405 |—1.2
1 1842 | —04 | —0.1 | 4-0.2 |—1.1 {—23 |—1.0 |—0.6 |—1.3 | 41.8 |40.7 ;+2.0 +0.4
1 |1843 | 4+2.4 413 |43.0 |4+0.4 |+20 [ 413 |[4+08 |~L1 |02 |—0.6 |+0.9 | —17
2 | 1844 | 403 | 403 | +1.2 | 0.3 0.0 | —04 | —0.6 |{—0.2 | —0.1 |—03  —0.7 | —0.5
1 | 1845 —05 | —0.2  —0.2 403 0.0 | 0.7 0.0 |+40.3 | —0.2 | 402 | 410 |40.3

Mean | 4-0.10 | 4-0.33 +0.75]+0.15 —0.38 | 4-0.20 | —0.42 | —0.46 | 4-0.15 +0.07i+0.50 —0.53
Eastern hour angles.
i
L. cul. ‘

Weight.| Year. [ 1 2 3 4 i 5 6 7 8 9 10 11t
1 | 1841 |40.5 {403 [+1.2 {403 | 407 | 407 | 40.6 | —0.7 | —01 |—12 |—08 | —0.2
1 1842 {4-0.8 | 40.2 [ —1.3 {—0.8 {—1.0  —0.7 | 403 | —0.3 | —0.8 | 43.0 0.0 | —0.4
1 | 1843 |—1.9 |—1.2 |—1.6 |—0.9 |—1.2 —1.Y |—0.6 | —0.8 |40.5 0.0 |+0.6 | 41.1
2 | 1844 |—1.0 [—0.8 |—0.2 |—0.1 —0.3 406 |—0.2 | +05 |05 | —0.1 |404 | 410
1 1845 | 4+0.5 | 409 |—1.0 |—0.2 .3 | —0.3 —0.2 | —0.2 | —0.3 | —0. —0, 0.0

}Mean —0.35 | —0.23 | —0.52 | —0.30 —040;—0.131—0.05 —0.17 | 4-0.05 +0.22|-0.05 +0.42

If we represent these values graphically, we find the general shape of the curve
to be similar to that of the horizontal component, it is double crested with a prin-
cipal maximum a little before the upper culmination, and a principal minimum
about 3} hours after the lower culmination of the moon; the average epoch
of the vertical force tide is, therefore, about one and a half hours apparently in
advance of the culminations. The secondary wave is very feeble, its greatest value

(A.) LuNAB-DIuvBNAL VARIATION OF THE VERTICAL FORCE, 1841 10 1845.
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happens about 9", western hour angle, and its least value about three hours before,
giving a range of nearly onc-tenth part of the principal range. The observed values
for the hours &, 9, 10 (west) however, seem to indicate that the secondary wave is
really larger, but in the present case apparently reduced by the accidentally low
values at the hours 11 and 12.

The following expression has been deduced to express the lunar-diurnal variation

of the vertical force :—

Ve = —0.04 + 0.27 sin (8 + T2°) + 0.20 sin (26 + 134°)
(i counts from the upper culmination, westward ; V¢ is expressed in scale divisions.
‘The smooth, full curve in the diagram is computed by the formula; the differences
between the observed and computed values are sufficiently well exhibited in the
diagram. The probable error of any single hourly value is + 0.20 scale divisions.

Iu the following expression M signifies millionth parts of the force :—

M M M
Ve =—13+ 89 sin (6 + 72°) + 6.6 sin (20 + 134°).
Maximum value of Vi, 28 before the upper culmination, = + .38 scale divisions;
minimumn value at 15" 30®, — 0.43 scale divisions, hence lunar-diurnal range 0.81
scale divisions = 0.000027 parts of the force = 0.00034 in absolute measure. This
rauge is so small that the correction for temperature due to a change of but 0°.08
would surpass it.

We have already scen that we cannot bring a sufficient number of observations
to bear upon any part of the entire series, and are therefore not in a condition to
pursue this subject of the lunar effect to any greater length.

At Toronto the curve is also double-crested with maxima three and a half hours
after the moon’s transits, but compared with Philadelphia the principal and second-
ary waves appear exchanged. The range at Toronto is 0.000012 parts of the force,
ncarly onc-half of the Philadelphia range ; we have alrcady noticed a similar differ-
ence of range in the solar-diurnal variation, the Toronto range of which was also
about one-half of that at Philadelphia. In connection with this it may be well to
state that the dip at Toronto is 75° 15’, and at Philadelphia 71° 59.’

Lunar Effect upon Inclination and Total Force.—The combination of the hori-
zontal and vertical components to inclination and total force, is effected by the
formulse :— :

. AY  AX

A= sinlcos (—Y— —y )

A _ cos %) L;:} + sin %) A}zr .

in which expressions X = horizontal force, Y= vertical force, ¢ = total force, and
f = inclination. The discussion of the observations for dip, in Part X1II, gives the
value § = 71° 59, answering to the year 1843. Column 2 of the following table
is derived from the preceding Table IX, after changing the scale divisions into their
cquivalents of parts of the force, one division being equal to 0.000033; column 3
1s formed similarly from Table VIII, of Part VI, one division being equal to
0.0000365. Columns 4 and 5 contain the corresponding values of the lunar-diurnal
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variation of the inclination and total force, the former expressed in seconds, the
latter in parts of the total force. The letter M, heading columns 2, 3, and 5, sig-
nifies units of the sixth place of decimals or millionth parts of the force.

TaABLE X.—LUNAR-DIURNAL VARIATION OF THE INCLINATION AND ToTAL FORCE.
Qs AY aX A
hour angle. b p x Al P’y
M. M. 4 M.
U. C. + 3.3 +11.0 —0.5 + 4.0
1 +10.9 +18.2 —0.4 +11.6
2 +24.7 +.32.8 —0.5 +25.4
3 + 5.0 +.40.1 —2.1 + 8.3
4 —12.5 + 7.3 —1.2 ~10.6
5 + 6.6 +25.5 —-1.1 + 8.4
6 ~—13.9 0.0 —0.9 —12.6
7 -—14.8 4+ 3.8 —1.1 —13.0
8 + 5.0 —321.9 +41.6 + 24
9 4 2.3 —14.6 -+1.0 + 0.7
10 4-16.5 — 1.3 +1.4 +14.2
11 ~17.5 -+ 3.6 —1.3 —15.4
L. C. ~11.6 +-25.5 —2.2 — 8.1
1 — 7.6 + 7.3 —{.9 — 6.2
2 —17.2 +14.6 —1.9 —14.1
3 — 9.9 —11.0 +0.1 — 9.9
4 —13.2 4 3.6 —1.0 —11.5
5 — 4.3 —25.5 +1.3 — 6.3
6 — 1.7 —47.4 +2.8 — 6.1
7 — 5.8 —21.9 +1.0 — 7.2
8 4+ 1.6 —18.2 +1.2 — 0.3
9 4+ 7.3 —36.5 +2.7 + 3.1
10 — 1.7 — 3.8 +40.2 — 1.9
11 4+13.9 4+ 7.3 +0.4 +13.3

The numbers in column 2 are deduced from observations between 1841 and 1845,
those in column 3 from observations between 1840 and 1845, the difference, how-
ever, is immaterial as far as it refers to the dip and total force, the lunar variations
being nearly the same for a few adjacent years. The total number of observations
employed in the combination is 41558.

The lunar-diurnal variation in the dip is well represented by the formula,

6 =—10".06 + 0".86 sin (6 + 156°) + 1".30 sin (20 + 206°)
the corresponding curve, as well as the observed values, are exhibited in the follow-
ing diagram. The heavy smooth curve is the Philadelphia computed variation, the
dotted curve the Toronto variation, inserted here for comparison. The correspond-
ence between these curves is certainly remarkably close considering the minuteness -
of the lunar effect and the somewhat long process of deducing it.
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(B.) LuNAR-DIURNAL VARIATION OF THE INCLINATION.
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Total range 37.6.  Probable error of any single hourly representation + 0".7.
The lunar diurnal variation in the total force is represented by the equation :—
M M M
Pe=— 1.3 + 8.9 sin (0 + 63°) + 6.3 sin (20 + 84°)

an expression not differing much from V¢ owing to the large dip. The observed
and computed values of é? arc shown in the diagram, which nearly resembles that

of the vertical force.

(C.) LuNAR-DITRNAL VARIATION OoF THE ToTAL FoRCE.
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